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PREFACE 


With the ever mcreasmg Jcf^DhcatJons of phyaa m methcme the proUein 
of giTing the medical or the prcmedical ftudent adequate instruction in phyacs 
has bcj^e one which demands ictioiu To teach m one year the funda 
mental principles of phyacs, and at the same time to deal adequately with 
those applications with which a medical student should be famfliar a well 
mgh impossible At Queen s Unlveraty the problem has been solved and, 
on the whole satafactorfly bj giving instnictxin m two su cces s i ve years. In 
the first year the ftudent ts given the usual coum m general phyacs, with 
the omission of electnaty and magnetism. In the second year lectures and 
laboratory work in clcctncrty and magnepsm lead naturally to a conaderabon 
of such topics as x ray tranifonncrs, x ray tubes, conduction of electnaty 
through gases, ndwactiTity nndear phyacs, and high frequency currents. 
Rawologt Pktsics covers, with some amphficatwn the work given by the 
author m the second half of tins course 

It a hoped that this book win prove smtahle as a text for wmilar courses 
elsewhere, e^ieoally for those msotuoons which agree with the Committee 
on the Teaching of Phyacs for Premcdical Students* in their opuiKin that 
the American Assoaation of Phjacs Teachers should go on record as m favour 
of makmg the phjacs prerequiste two years instead of one Radiology 
Phtucs b also commended to aD radiologists and radiological techmaani who 
wish, not a handbook, but a sunple cxplanatxin of the physical principles 
underlying the use of thar apparatus. Although a knowledge of elementary 
elec tnaty and magnetism » assumed, the mathematical trea tm ent a reduced 
to a minmium 

In the preparabon of the manuscript, the author has made some use of an 
earber book on X-rajt tnd X rmj Afftrmtus and his thanks are due the 
President of D Van Nostrand Company Inc., for penniasion to use some of 
the matcnil in the more recent Atoimc ArtdUrj Under each fflustrabon 
due acknowledgment b made where necessary but my special thanks arc due 
the Phfljps Gloeilajnpenfabnekcn £indhoren Holland, the General Electnc 
X ray Corporabon Dr J G Trump of the Masuchusetts Institute of 
Technology and Mrs. Edith Quunbj and Dr G Fadla of the Memorial 
Hoipitil, New York, for photographs and other matenal Acknowledgment 

• The American Pbyila Tcadier 5 367 19J7 
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CHAPTER I 

ALTERNATING CURRENTS 


The inn of this text it to pretent m i ^rstemicc w»y the fimdimentil physical 
prmcaplet utihxed m the field of radxJogy It is assumed that the reader has 
had a general course m physics such as is giTcn m the first year of Lheral arts 
or to prcmedical students, but the author does not hesitate to review and to 
amplify important parts of the elementary course For example at the outset 
the student b asked to recall a few prmaple# in electnaty and magnetism that 
branch of physics whose a^hcaooQs abound m radiology 



1 Elcctroroagnetiam, — All students are 
familiar with the fart that when a bar magnet 
B placed beneath a sheet of paper on which iron 
filings are ipnnkled, the filings arrange them 
selves along regular lines. This aanple experi- 
ment mdteates that m the region around the 
magnet there o a nugnsttc fUld of fore* To 
visualize tha field we say that it b traversed by 
magnetic lines of force the actual number of 
lines being so chosen that at any particular 

place, the tnt*nstiy or strength of the magnetic - — 

field it equal to the number of lines passing I Lba of Ferce are Baked 
through an area of 1 sq cm,, the area being at cairying a 

nght angles to the direction of the hnes. A 

field of unit mtenaty rt will be recalled, a equal to 1 dyne per unit pole and 
B called 1 otrrud 

These lines of force are closed curves which leave the north pole of the 
magnet and enter the south constituting what a called a fiux 

through the magnet. Indeed, whenever magnetic Imcs pass through anv 
region, we speak of a magnetic flux through that region ^ 

Elemcnttir ^penments with ciMne curraia proYc tJut i mjjmttjc field 
.urromidj • wae anjmg > current wd ihow th.t i£ the wtre h bent mto a 
Klenojdal ^ « m Fig 1 one end of die adenoid a . nonh poje the other 
. louth. Moreorer if the w mnde the RienoKi t> repUced by. core of 
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iron, the iron becomes strongly magnetized under the influence of the magnetic 
field due to the current, and a powerful electromagnet may be created. We 
can have magnetic fields, therefore, subject to the control of on electnc circuit. 
When the arcuk is closed, the magnetic lines arc said to be CnkM with the* 
turns of the arcrat, the number of Rnksget bong equal to the product of the 
total magnetic flux tunes the number of turns of the circuit with which they 
are Imkcd. When the arcuk is broken, the lines disappear, with a consequent 
change m the number of Imkagcs, 

2 Electromagnetic Induction. — Suppose a wire /fB, Fig 2, wbch 
forms part of a simple closed circuit contaming a galvanometer G hut no 
biftUrj IS free to be mored between the 
poles of an electromagnet whose arout 
is closed. If AB is moved from poa- 
tion I across the lines of force to position 
n, (mdicattd A B) % momentary 
current is indJeated by the galvanometer 
If the wire AB o moved bock again, a 
momentary current in the opposite direc 
tion is recorded. In general, tt s found 
that os long as the wire is moving with 
reqiect to the lines of force, a current » 
dcrelopcd. This and many other 
e^ienments prove that whoTtroor m for^ 
turn of tnj ctrevti u moving xvfth nsfoct 
to msgnstu Bnos of fore* *n mduetd 
oUctromotr)* fore* ) ix iUv*l- 

of*d tnd if ih* cs-aat is cJojeJ, *n m- 
iuc*i cwr*nt resxtUs Tha ii the very important pnne^e of electromagnetic 
induction, discovered m 1832 by Faraday in England, and rimultoneoialy by 
Henry m the United States. 

The principle may be stated in another and posably more useful way 
When the movable wire AB it m poomon I there ore no hnes of force Imk^ 
with the galvanometer circuit, but when it b m postion IT oil the lines ore 
Imked or interlocked with that arcuit. Frequently then, we state that on 
mduced E M T ts developed in a dremt wh ere ver there fa any ch*ng* m the 
number of lines linked with ft If for example, the wire fa left in posrtjon 
A and the ele ct ro m a gn et drciirt (the franory arcuit) b there ts a 

momentary induced current in the movable wire uicm t (the s*cond*rj) 
Again, when the pmnoiy circuit a m*d* a momentary mduced current rcsiilti 



Flo. 2. ^¥ba) the vire b mored 
tcroM the mopietk u bdneed 
clecuumoUre force b derekoKd to the 
vile. 



alternating currents 


3 


In the tecoQdAry In tha experiment, the scconcUrj orcrat a not moved, but 
the nuignetic line* appear on make of the pncuuy disappear on break, and so 
on both make and break there n relaov^ motion of lines and a portion of a 
arcuit. Or itating rt the other way, on of the primary there a a 

dccreaae m the number of Ime* bnked with the secondary} on an 

increase — — m both a change, and hence an mduced E M a developed. 

The magnitude of the mduced E MJ* a found by experiment to depend 
on the r*U at which the lines are cut or on the rate at which the number of 
linkages a changing Large E M J may be obtained therefore, when 
numerous electnc conductor* rapidly cut the line* of strong magnetic fields, 
or when such fields are linked and “ unlinked with many turns of an electnc 
circuit. Tha, m fact, a the basic pnnaple utjhxed m dynamos, m transformer* 
and m mducuon coils. 



3 AltemaUng Currenta (A.C ) — Suppose a single bop of wire 
ABCD Fig 3 a rotated m the regwo between two magnetic pole* N and S 
A* the wire AB goes down rt art* line* of force and in rt we have an mduced 
E MT m the direction of the arrow At the same time CD the other ndc 
ot die bop goes op thus cuttmg the Imei m the opposite direction and so 
developing m CD an mduced in the opposite direction If the end* 

of the loop arc connected to two slip nng* upon which rest brushes Bi and 5, 
and the*e brushes are connected by an external conductor the arcuit a com 
plrte and a current Bow*. Evidently ail the time AB a gomg down and CD 
up, that a, for half a revoluboo a current flows m the direction mdicated by 
the arrow*. After AB hn reached it* bwest posrtion however ft begm* to 
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iron^ the iron become* strongly magn coxed under the influence of the magnetic 
field due to the current, and t powerful electromagnet may be created We 
can hare magnetic fields, therefore, subject to the control of an electnc cmnirt. 
When the circuit a closed, the magnetic Imc* are said to be lmk*d with the 
turns of the orevnt, the number of Unitges bang espial to the product of the 
total magnetic flux times the number of turns of the cnxuit with which th^ 
are Hnked. When the circuit Is broken, the lines daappear, with a consequent 
change In the number of Imkagcs. 

2, EHectromagnetlc Induction. — Suppose a wire jiB, Fig 2, wUch 
forms part of a cmple closed circuit containing a galvanometer G bui no 
batUrjy a free to be moved between the 
poles of an electromagnet whose circuit 
is cloacd. If AB a moved from po®- 
tion I across the lines of force to position 
n, (indicated by A B') a momentary 
current is mdicated by the galvanometer 
If the wire AB a moved back again, a 
momentary current in the opposite direc 
tioQ a recorded. In general, it a found 
that as long as the wire a aormg with 
re sp ect to the lines of force, a c ur rent a 
developed. This and many other dmilar 
e^ienments prove that whonroor t for- 
tton of orrj arewi u Tnovtng wdh rttfoet 
to mognsUc Snos of fore* *n tnduetd 
*l*ciromotro* fore* ) u d*^*l- 

of*iy *nd if th* areuxt u elot*J, *H tr^ 
iuc*d currtnt r*suUs Tha ii the very important principle of electromagnetic 
induction, dacovered m 1832 by Faradi^ m Enghuid, and snnultaneously by 
Hauy m the Umted States. 

The pnnaple may be stated in another and possibly more useful way 
When the movable wire AB it m position I there art no lines of force Hnked 
with the galvanometer arcuit, but when it a m posrtwn II aD the Iin« are 
hnked or mterlocked with circuit. Frequently then, we state that an 
mduced E M T a developed in a efr emt wh er ev er there is any ehang* m the 
number of hnei linked with it. If for example the wire is left in posfooo 
A S' and the electr om agnet c ircu i t (the f r m * r j dreuft) is hrok*ny there £i « 
momentary mduced c urren t m the movable wire arcurt (the i*eond*ry') 
Agam when the primary cucuft is m*i* a momentary mduced current results 



Fm. 2. Wba tbe wire AB b mor al 
•croa the uupoetic u htdoeed 

decUoDiotiTe lores b d e retoped hi the 
wire. 
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STRENGrrH OF A C. 

obtained by uang teveral sets of magnet poles, alternately nortE^and aemth, 
and many loops of wire The fundamental pnooplci utdricd, howcTcr are 
the same u those we hare been discussing and the current supplied by such 
generators generally approximates fairly closely to the imuaoidal 

In direct current (DC) generator*, it » important to rcahxe that the 
same prmaples are utilized and that an altematmg E M F n dercli^jed in the 
rotating loop* or moYing conductors. By the use of commutator plates, this 
altematmg current b recufitd and direct current flow* m the external circuit. 

4 Strength of A.C — When alternating currents are used m the 
laboratory an A C ammeter placed m the arcuit mdicatc* a definite current 
of so many amperes. Actually we know that the current is varying m the 
manner rep resented by Fig + being sometime* in one direction sometimes m 
another magnitude corutandy changmg What, then doe* the instru- 
ment record? To understand the answer to that question, it a necessary to 



know that, by agreement, an alternating ciurcnt ha* a value or strength eijual 
to that of a direct current which produce* the tame heat m a given renstance, 
tn the tame time If for example m a ctrtam tunc an alternating current in 
a cod of wire dcTcIopi the tame heat a* a direct current of 2 ampere*, the 
alternating current ha* a ttrength of 2 ampere*. Somctunc* the strength » 
said to be to many vtrtud amperes, but more often the quahfymg word 
» dropped 

The common D C ammeter of the moving cod type cannot be used to 
measure sJtcrnating current, because with such a current the cod b acted on 
by rapid unpulset tending to rotate it, Jim tn one direction then in the opposte 
and DO movement except a possible qmvcnng of the pouiter b oUerved In a 
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more ujJ ‘thWaittmg lines m the opposite direction and the direction of the 
induced E M J* and of the resulting current rcTcrsei. At the same tone 
the wire CD rcrerses its direction from up to down, and in it, too the induced 
E M T changes dircctvan It follows, therefore, that with this simple 
arrangement, for one half of a revolution a current is flowing in one dirccton 
for the other half, in the opposite. 

Not onlj however, is there a reversal of current (or, if you like, of polarity 
between the brushes Bi and 5,) but the rtrsngth of the current is continually 
changing This will be evident if it is rcaltxed that when the wire AB a 
passing through its highest position and the wire CD through its lowest, each 
wire is moving parallel to the magnetic lines and hence for a short mterval of 
time there is no cuttmg and, therefore, no induced voltage and no current 
As AB goes down (and CD up) the Imei are cut more and more quickly until 
after one quarter of a revolution both AB and CD are movmg directly at 
right angles to the lines. At this mstant, therefore the magnetic Imcs arc 
cut at the fastest rate and the biggest induced voltage results. For the next 
quarter of a revoluooo, the lines are cut less and less qmckly until AB reaches 
the bottom {CD the top) and once more, for a bnef moment, each wire b 
moving ptnilel to the lines, and the voltage has dropped to zero agam £v>> 
dendy, then, during one complete revolution, the current in the aremt will 
gradually rtie in one direction to a maximum value, drop until ft b xero from 
which It gradually dimbs to a maximuro in the opposite directioQ, agam falling 
to zero If the loop » rotated at steady speed and m a uniform magnetic 
field, the manner m which the current changes with time is represented 
graphically In Fig 4 

A current of ths type is an altsmatmg one (A,C ) as well u wtutotjUl 
Obvioudy a smusoidal current b characterized by (1) changmg polarity and 
(2) gradual smooth” changes in mtens^ (See also section 188 ) 

It is well to note that while a smosoidal ciurent b always A-C,, rt is po»hle 
to have alternating currents which arc not smusoidaL 
Two or three important terms should be noted, 

A ejel* refers to the complete change from zero to a maximum m one direc 
tion, down through zero to a maximum m the other direction and again 
to zero In Fig 4 OA repre sen ts a ^de. 

The frtftmtcy of A.C m the number of cycles per second, Mo*t house- 
holders on the American continent are supplied widi A,C at 110 volts, with 
a frequency of 60 cydes per second, although as low as 25 b wmetimes used. 
Neither tha voltage nor tha frequency could be generated with a ample 
machine of the type Hlqttrated, In the practical A C generators or dynamos 
or altcnutors foimd in power houses, the desired frequency and voltage arc 
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obtained by using several sets of magnet poles, alternately nortb and south, 
and man} loops of wire. The fundamental principle* utilized however are 
the tame as those we have been dooming and the current supplied by such 
generator* generally approximate* fairly clcsel) to the sinusoidal 

In direct current (DC) generator*, it a important to realize that the 
same pnnaples are utilized and that an alternating E M F a developed m the 
rotating loops or movmg conductor*. By the use of commutator plate*, tha 
alternating current a rtctifud and direct current flow* m the external circuit. 

A Strength of A,C — When alternating currents are tued m the 
laboratory an A C ammeter placed m the arcuit indicates a definite current 
of 90 many amperes. Actually we know that the current a varying m the 
manner rep r e se nted b) Fig 4 bong sometimes in one direction somctmies m 
another with magmtude constantly changmg What, then doc* the mstru- 
ment record? To undentand the answer to that quejoon it a necessary to 



know that by agreement, an alternating current ha* a value or rtrength equal 
to that of a direct current which produces the same heat in a given resatance 
m the «ame time If for example, in a certam time an altematmg current m 
a cod of wire develops the tame heat as a direct current of 2 amperes, the 
iltematuig current has a strength of 2 amperes. Sometimes the strength a 
laid to be to many virtual ampere*, but more often the qualifying word 
a dropped 

The common D C ammeter of the taovmg cofl type cannot be used to 
meature altematmg current, because with tuch a current the coil a acted on 
by rapid impuliet tendmg to rotate it, fint m one direction then in the opposite 
and no movement except a possible quivenng of the pomter a observed. In a 
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mote up ‘tfiWcuttmg Imes m the oppoute dutctwn, and the direction of the 
induced E M J* and of the retulting current reverse*. At the lamc time 
the wire CD reverses its direction from up to down, and m it, too the induced 
E MJ* change* direction It follow*, therefore, that with thu ample 
arrangement, for one half of a revolution a current b flowing in one direction, 
for the other half, m the opposite. 

Not only, however, u there a reverBal of ciurent (or if you like, of polarity 
between the brushes Bx and 5*) but the ttr^gth of the current » continually 
changing This will be evident if it i* realized that when the wire AB a 
passing through its highest position and the wire CD through it* lowest, each 
wire is moving parallel to the magnetic line* and hence for a abort interval of 
time there is no cutting and, therefore, no induced voltage and no current 
As AB goes down (and CD up) the lines are cut more and more quickly imtil 
after one quarter of a rcvolutian both AB and CD are moving directly at 
nght angles to the line*. At this instant, therefore, the magnetic hnes are 
cut at the fastest rate and the h<gge*t induced voltage result*. For the next 
quarter of a revolutioo, the lines are cut less and less quickly until AB reaches 
the bottom {CD the top) and once more, for a brief moment, each wire » 
movmg parallel to the lines, and the voltage ha* dropped to zero agam Evi- 
dently, then, during one complete revoluoon the current m the cunut will 
gradually me m one directua to a maximum value, drop until it a zero from 
which It gradually dimbs to a rTTT7miifn m the opposite direction, again falling 
to zero If the loop a rotated at steady speed and m a uniform magnetic 
field, the manner m which the current changes with time a represented 
graphically in Fig 4 

A current of tha type a an alummimg one (A.C ) a* wcH as sxnusotdA 
Obvwuriy a anmoidal current a charactenxed by (1) changmg polarity and 
(2) gradual * amooth” changes m mtensity (Sea also »ection 188 ) 

It B wtH to note that while a sinusoidal c ur r e nt a always A-C., it is possible 
to have alternating current* which are not iinusojtiaL 
Two or three important terms should be noted. 

A ejels refers to the complete change from zero to a maximum m one direc 
non, down through zero to a manroum in the other direction and back agam 
to zero In Fig 4 OA represent* a cycle. 

The jr*^u*nej of A-C a the numbCT of cycles per second. Meet botae> 
holder* on the American contment are supplied with A.C at 1 10 volts, with 
a frequency of 60 cycles per second, although as low as 25 a sometime* used 
Nather tha voltage nor iKm fr equency could be generated with a simple 
machine of the type fllustratcd. In the practical A.C generators or dynamos 
or alternator* found in power houses, the desurd frequency and voltage are 
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closing of the arcuit, the actual current has a value given by 

ELM F of battery — of inductance 

current ~ - - ■ ■ * i 

resistance o! circuit 


or, m symbols / = - 


I where E = E^M F of mdactancc- 


For tho reason the electromagnet current does not immedutel) attain its 
final steady value ^given by somewhat as shown m Fig 5 

Ulttmately the number of linkages becomes constant, there is no opposing 
mduced J' and the current has a constant value* 


If the electromagnet omnt o broktn the lines 
of force dtsa{^>ear and if the break ts made quickly 
enough a large E M J' of mductance a devcl 
oped m the same direction as the ongmal applied 
E M*F Its magnitude may be many Pmes 
greater than that of the onguul E.M J* , io gnat, 
mdeed, that a spark jumps the gap where the 
break k made* Thfl spark may be accoispanied 
by or followed by an arc between the separated 
metal parti of the breaking switch, an arc which 
must lomcomei be suppressed by the use of special In u 
circuit breakers or magnetic blow-outi. 

The effect of mductance may be fllustrated m a ample manner by the lae 
of an ordinary dry cell and an electromagnet {or primary of a transformer) 
of low resistance If the terminals of the cell are ibort-cn-curted by a pKcc of 
copper wire and the circuit suddenly broken, no more than an mfinitesunal 
spark or flash a seen at the place of break If, however the ceD n connected 
In senes with the electromagnet, on break there » a bnght Although 

the current m the first place a actually greater than in the second, the number 
of magnctK hnes linked with the circuit n <o small compared with the number 
in the second that the induced E MJ* on break » not great enough to cause 
an appreoahlc spark. With an dectromagnet m the circmt, the number of 
hnkages » mcreased many times and a marked spark occurs when they disap- 
pear on break. 

Tia eipcnmmt ffliuOTtM the difference between • mmmjuctwt »nd m 
tnJuctm encuit. In the former the ninaber of hnfage, per unpere » » 
mul that the mduced E M F on make or on bnah a negligiblj tnrel], fo the 
Utter there a . Iwge number of hnkegt. per unpere, with importunt effeco 
both on make end on break of a direct current. On n.k. there a a delay m 
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hot wire instrument, however, the movement of the pointer depends on the 
change in length and tension of a wire heated by a current and the a inde- 
pendent of Its direction Such an instrument, therefore, can be used for 
measuring both A*C and DC It 0 , of course, not the only type. 


5 Meaning of H.M.S —The student will recall that the amount of 
heat developed m a conductor m a given time, depends on the square of the 
current, or that the power dissipated m a conductor of resistance R n PR 
watts, where 7 a the current m ampere# and 72 the resistance in ohms. With 
tins m mind it should not be difficult to see that, when altematmg current a 
used, the equivalent direct current is equal m the square root of the average of 
the square# of successive values, if a complete ^cle a subdivided into a large 
number of mtervals. For tha reason the strength of an altemttmg current 
or the number of virtual amperes o sometunca referred to as the Root Mean 
Square or R«M.S value. The same expression may be applied to a prniljr 
average of any quantity varying according to the same law as b represented 
by Fig 4 Alternating voltmeten, for eaamplc record the R M.S. value of 
the altematmg E M J* 

With a htde knowledge of calculus, it n not difficult to prove that 


RM.S value = 


maximum value 

V2 


or =0 707 maximum value. 


Thus, xf an A-C ammeter records 7 07 ampere#, we know that the actual 
current change# from 0 to 1 0 amperes in each direction. 


6 Inductive and Nonlnductive Circuits. — Suppose a coil of wire 
B wound around an iron core as in any ordinary electromagnet, and that it 
u suj^ilied with direct current, 5#/or# the circurt b clneed the magnetic field 
B weak or absent altogether and the fiumber of magnetic line# linked with the 
diruit k negligibly imalL After the arcuit b cloaed, however a strong mag 
nctic field with a c o rre sp onding large number of linkage#. TAarv/or# 

dvratg th* txm* tmnuMsUlj joUoxvtng th* dotvtg ef ths araat, there b a hig 
change m the number of linkages. Conaequendy while the change a taking 
an induced E.MT., called an EJiJ^ of tndueUrtc* a developed in the 
coil of the electromagnet. 

Now by Lenx’s Law any induced E M F k in a direction oppoang the 
change which gives nse to it. THb E MJ of mductance, therefore, k m a 
direction oppoiitt to the ongmal applied voltage, and so immediately after the 
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the opposing E M F of inductance. ActnaHy the ammeter record* about 
0 89 ampere*. A* far as altemibng current n concerned, the electromagnet 

therefore, has an effective resistance of or 123 6 ohms. This total 


resistance to an altematmg current ts called the xmftdtncf of the arcuit Its 
magnitude depends on (1) the true resistance, in this case 50 ohms and (2) 
the mductM rtacianct the name given to the effective resistance ansmg from 
the induced E M F 

Since the magnitude of any induced E depends on the rate at which 

the number of linkages h changmg the numerical value of the reactance 
depends both on the inductance or the number of linkages per ampere and 
on the frequency of the iltematmg current. ObviousI) the higher the fre- 
quency the more rapidly the number of linkage* » changing It require* a 
bttle more mathematici than is at the disposal of most medical students to 
prove that the reactance m ohm* b equal to 29fLy where / a the frequency 
and L the inductance expressed m henne*. 

For example the reactance of the above electromagnet (whose Inductance 
» 0 J henry) when an altematmg current of 60 cycle# per second u used b 
equal to 


2rX 60 X 03 or 113 I ohm*. 


ItViU be noticed that, although R the true rex ata nce of the electromagnet 
a 50 ohms and the reactance 113 1 ohms, 
the impedance is only 123 6 ohm*, not the 
cim of these two number*. The problem 
then anses, given the r es ista nce and the reac 
tance, how can sve calculate the impedance^ 

The answer b siraple, although the proof u 
not and must be omitted from tha text. If 
We make a right-angle triangle a* m Fig 7 
and let the length of one side r e p resent R 
the retatance, the other sidr IrjL the reac 

tucc then the impc<Uncc IS given thelmgth ot the hTpotenust It follows 

at once that the impedance Z a given by the relatwn 





Fio 7 Tn*Btle ihowlag the mtg, 
nltnde of iinpcd*nce due to ram. 
■nee »fld uidiictiTe reectauce. 


z = VJf + (Vi)* 

which for the above electromagnet gives us, 

Z=V50' + (n3 !)• 
= 123.6 ohm*. 
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the rae of the current, whereas on break, an E M , often qidte Urge, ii 
dereloped. A arcuit containing an incandescent Ump is nomnductive, one 
with an electromagnet, inductive 

A arcutt kds an mducUnce oj 1 hanrj whan iht nwnhar of Gnkagas far 
amfcra v 10* or on* hundred mdlton * For example, if an electromagnet a 
wrapped with 200 turn* of wire and a total flux of 10,0(Jo hncs traTerse* 
Its iron core when the exerting current a 1 ampere, it* inductance a 

200 X lOflCO 1 , , 

or 50 ofah^ry 

7 Inq>cdance and Inductive Reactance. — When an alternating 
current flow* in an inductive orcuit, the magnetic field is constantly changing 
and to opposing induced E M F are present at all times. These have an 
important effect on the magnitude of the average current in the circuit. Let 
ui examine carefully the difference between an inductive and a nonmductve 
circuit m 90 far as altenuting current* are concerned 



Fia 6. Shnple c{ra2j( for aectam^ resataBce ^ D C, crlmpedaneei!3rA.C. 


Suppose a lamp of resistance 440 obms is joined in tencs with an ammeter, 
turtablc for ather A.C or D C^, to supply terminals 'TT'y as illustrated m 

Fig 6 If the supply voltage a 1 10 direct, the ammeter reads or 0^5 

ampere. If the supply voltage a 110 dtematmg (that a, an A.C voltmeter 
pUced across the terminals records 110 volts) the ammeter mdicata practi 
cally the same reading In other words, Ohm s Law m its simple fonnjiolds 
for both A.C and D C when we are dcalmg wrth a smiple nonmduS^ 
arcuit. 

Now replace the lamp by an electromagnet of resistance 50 nhtrn 

ductance 0 3 henry With direct current, the ammeter records or 2 2 

amperes. With alternating current, the reading a very much less because of 

* On benry it mon often defined u dia bdoctance of a drenit nch tltat, when tbo 
curmit b dunfing at rate of 1 ampere par lecnod, tbo Induced EJ»LP b l Toll, 
Tbe two dcfinhMDS an of ctmnc, eqnivaleot. 
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n 


tiice B called a c^foctutive retcUmce to dstuiguah it from mductrve reactance^ 
The ralue of the capaotatiTc reactance may be calculated from the expre*- 

eon ■ t where C b the capacity of the condenser expressed m farads.* 
ijfC 

Taking the abort microfarad condenser aa an eacample we find its reactance 
to be 


2t 60 1 X 10-^ 


or 


265 ohms. 


If / B actretnely high, as m dathermy or radio circuits, the capiataove 
reactance » corrc^ndingly small — just the opposiie to the reactance of an 
inductance for such currents. For example for a 1 00 milhon cycle per second 
frequency, the reactance of a microfarad condenser is 

1 

2r 100 X 10* X 1 X 10-* 200r 

or a small fraction of an ohm 

9 Combination of Reairtanco 
and Capacity — If a nomnducore re 
SBtance, a tungsten lamp for example, 
of resBtance R ohms u inserted m senes 
with a condenser and the two are 
Joined to A.C supply terminals, the 
impedance of the combination cs again found by the use of a nght-angle tn 
angle As fllustrited in Fig 9 if one side of the triangle represents R and 

the other the capaatatfre reactance the hypotenuse represents the 

impedance, or, usmg a formula, the impedance Z of a combination of a non 
inductiTt r es a tance and a condenser a gtren by 



Fra 9 Tiksgle tbowisf the magm. 
rade of UDpolance doe to reslitmoce 
mad caq»dtatire reactance. 


10. Resistance, Capacity and Inductance. — When the altcmatmg 
oremt includes resistance, capacity and mductance, the impedance of the 
orcuit IS giT cj i by 

*T1» mJmt wfll ttu, »boi th. pottiitu] krtron tl» pUtt. of . 

coultmor of epodtr 1 Suad b eqoj eo 1 Toll, tbt darp n, ^ l^*.b 
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Not long tgo a trarcler for soenbiic apparatus was demonstrating a new 
light designed to work on 1 10 A C He was mistakenly told that the D C 
supply terminals m a laboratory were A.C and on pluggmg m the lamp, imme- 
diately found that it burned out. The impedance of the lamp circuit was 
much greater than its true resistance, hence when D C was used, the current 
was much higher than with A,C, 

Sometimes the impedance is due almost entirely to the rea cta nce, as m the 
case of a cholu cotL Tha dence consists of a coil of wue of low r mu neg, 
with an iron core which may be withdrawn from the coil or whose position 
may be altered m such a way that the value of L the mductance gradually 
changes. 

In high frequency circuits, which wiD be discussed m Chapter XVI, the 
value of the frequency is of the order of a milbon or a hnndred mShon cydes 
per second, With such circuits (and we encounter them m radio sets) even 
a cTnll value of L may corre^nd to an appreoable or even a high reactance. 
For example, if L = 1 microheniy,* and / = 1 0* cyclea per sec., the reactance 
a 2r or 6 22 ohms. 


“® 1 


8. Capadtative Reactance. — When a condenser, such as C, Fig 8, 
a joined to an ordinary battery or to D C. terminals 77*, the condenser a 
charged, but after a momentary hubal 
current, a good condenser acts as an m* 
finite reastance and an ammeter J placed 
in the oremt mdicates no currenL When 
the condenser a joined to alternating sup- 
ply terminals, the ntuation a vciy differ 
cnt. As the alternating c urr ent surges 
to and fro the condenser a contmually 
Flo. 8, An ■mmirtef hi lerlai with D C charged and dscharged, its p1«tcs being 
BmJr a coedeuer hidicata no • , . , 

alternately poatiTc and negatrve negaUve 

and positive, and so on. An A.C am- 
meter placed in tbe circurt indicates a current just as if it were m an ordinaiy 
li g hting aremt. 

If the condenser has a capacity of 1 microfarad and the alternating supply 
alio volts, 60 cycles per second tbe ammeter actually mdicatcs a current of 
about 0 415 ampere. The condenser therefore, is equivalent to an effectire 

reaotance, or reactance of or about 265 ohms. This effective resat 


* Tbe itiKkot will icarcclf Deed to be reminded that tbe prdix tmicrw meaiu oae 
mlUlootb or ICT"* of tbe main nnh. 
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tncc it c*lled t Tcactence^ to datingimh it from mductiTc reactance 

The Tiluc of capaatative reactance may be calculated from the expre*- 

pofl —1—, where C ts the capaaty of Ac condenser expressed in farads.* 
2t/C 

Tifang the aboTC microfarad condenser a# an example we find its reactance 
to be 


1 

2r 60 I X 10-* 


or 


265 ohms. 


If / B extremely high as in dnthenny or radio circuits, the capaatative 
reactance a correspondingly small— just the opposite to the reactance of an 
inductance for such currents. For example, for a 1 00 million cy clc per second 
frequency, the reactance of a nucrofarad condenser is 

1 

2t IOO X lO* X 1 X 10-* 200r 

or a small fraction of an oKov. 

9 Cotnblnadcm of Resistance 
and Capacity — If a nonmductiTe re- 
SBtince a tungsten lamp for exttnfde, 
of r esis ta n ce R ohms o inserted m senes 
wnh a condenser and the two art 
joined to A.C, aopply terminals, the 
impedance of the combmatxin ts agun found by the use of a nght angle tn- 
anglc As fflustrated in Fig 9 if one »de of the triangle represents R and 

the other, the capadtatlTc reactance the hypotenuse represents the 

impedance, or, u^g a formula, the impedance 2 of a combination of a non 
InducUre resiitanoe and s condenser » given by 



R 


Fia 9 Trisnele ahowms the megsl 
tode of inrpnlance doe to resfrtaace 
ud capootatirc reactance. 


10 ResUtance, C«padty and Inductance. — When the tltcnutmg 

otrmt mejude. rauauce, cajoaty and mduetaace, the Impedance of the 
orcuit js given by 


• Th. a-m re^ tku, wia. the potottkl dlffereae. between the plue, of . 

eootoner of apvotj 1 f aead !, etjoal to 1 erft. the eharp „„ etthe, pUt. h Vc^otob 
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It win be noted that, ance m this cxpreasian we tubtract the two reactances, 
the impedance may again be found by the use of a nght-anglc tnangle. As 
before one ade represents the Talue of Ry but the length of the other tide a 
now equal to the difference bcUveen the InducCTC and the capaatatrre react 
ances. In the special case where the two reactances arc exactly equal, they 
cancel one another and the total impedance reduces to ^ If a ■mall, large 
currents may be obtained with small alternating E MJ^ We are then deal 
mg with a resonating aremt about which more will be giren m Chapter XVI 

11 Phase Difference, — The student will recall that when a direct 
current of I amperes flow* under a potential difference of V volts, the power 
tupphed IS VI watt*. It might be expected that the same expression could be 
apphed when altematmg currents arc used. This, ho\veTer, b by no mean* 
always correct. The power ts always froforitomil to the product of V the 
voltage recorded by an A C voltmeter times /, the amperage on the A.C 



ammeter, but it b not alway* to this product. To understand why tho 
B *0, It B necessary to explain the meaning of fhsif 

In a smusoidal curve such as we have shown in Fig 4 and again m Fig 1 0 
the magnitude at any instant of the changing current (or any other changmg 
varuhlc that the curve represents) can bo calculated f rom the law / = 7* sm 
where 

I = the tnagmtude of the current at any instant, 

/_ = Its maximum value 

and 6 = an angle whose value steadily increases with the time and 

change* m one cycle by 360® 

Suppose for example, that an alternating current has a maximum value of 
10 amperes. Then to obtain the exact shape of the curve which shows how 
its magnitude change* during one tycle, all that b necessary n to calculate the 
values of 10 nn 0® lOainSO® lOain 60® etc, and 

the corresponding angle*. Figure 10 illunrate* the plot obtained m mch a 
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rotiuier making use of the number* given m Table I Values of 6 arc taken 
every 30° for convenience but a ftill more accurate curve would be obramed 
by taking angles closer together Since *me value* repeat ever} 360 the 
curve between 360° and 720° or 720° and 1080° etc will be the exact 
duplicate of that bcr\vcen 0° and 360° 


T*»tx I 


0 

tIQ0 

lO*ln0 

0* 

0 00 


30* 

0 500 


60* 

0 666 


9tr 

1 00 


120* 

0 166 


150* 

0 500 


i8cr 

0 00 

0 00 

210* 

-0 500 


24Cr 

-0 S66 


rcr 

-1 00 


300* 

-0 866 


330* 

-0 500 


360* 

0 00 



Now It should be evident that an exact method of descrfbuig the particular 
*tage of the cycle which the current (or other varuhlc) has reached at any 
umant B to give the magnitude of the corre^ndmg angle or what b called 
the fh*tt angle Thus at a certain insUnt when there b a postrve current of 
magnitude AB Fig 10 the phase angle a 30 or when the current ha* a 
negaove value CD the phase angle a 270 

Often we are concerned with the phase difference between two different 
alternating currents at the same instant, or between the phase angle of the 
alternatmg voltage and the corre^ndmg current. It might be thought that 
St any instant the phase angle of the current would be exactly the same as that 
of the voltage but, although that b true m lomc cuxuiti, it b by no means 
slwayi *o It B poaible for example, to have the *tatc of affairs represented 
m Fig 11 where the full lino represents the vanaCon in voltage the dotted 
Hnc the corresponding variation m current. It wiH be noted that when the 
Voltage has a maximum value the value of the current » *ero In tha case, 
there B a phase difference of 90° the current lagging behind the volugc bv 
that amount- ° ■' 

Such I phuc difference nctiudlj- exBtt when we u-e dealing with u, induct 
Mce ot neghgMe reatance If the reantance R cannot be neglected the 
phaw difference between current and Toltage (for an mduent-e rantance) n 
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giTcn bj the angle CAB in Tig 7 Calling this angle «, we re at once that 
its value may be found from the simple relation 

AB resistance 

a ~ ' = 

AC impedance 



Thus, in the example worked out on page 9 we find the amount the current 
lags behind the voltage by evaluating a where 

50 

at — — 

123 6 

Hence, phase angle = 66^8 

In a nomnductiTe orcuit, such at one coDtammg an ordinary mcandescent 
lamp the reactance ti negUgible, the cuiTent and the voltage are in exact step, 
and there b no difference in phase. 


12. Power Factor — When alternating current flows in a aremt, 
mnj mstant^ the power in watts = current m amperes X potential difference 
m Tolta. The practical problem, however is to find the average value of tins 
product over a complete evde. When th» » don^ we get the e^resiKm 
actual power = VI cos « where 

y — voltage recorded by A.C voltmeter, 

1 — current recorded by A.C ammeter, 
and 3 = phase difference between current and voltage. 

I The following three different cases should be noted 
(a) A noninductnre c ir c u it. 

Here «= 0® or the current and the voltage are in step, and the power =: 
F/ watts, as m D C, 

(5) An mductance of very small resstance 

In tha a u very nearly equal to 90 , cos a — 0 and the power = 0 
which means that actually there b no power loss in a reactance such as a 
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ehokt cctl if tbc rcsittuice o sufBaently low Thi» apparcritly ttrange result 
means that the energy stored m the surrounding medmm (the magnetic field) 
in one part of the cjxle, r e tu r n s to the arcuit tn another A arcuJt or portxin 
of a aremt to which applies h said to be wsitltss It ts for tha reason 
that a choke coil a a more efficient way of changing the strength of an alter 
niting current than an ordinary rheostat in which the power a danpated 
as heat. 

In a practical choke coil some such dcnce as changing the position of an 
iron core, enables the operator to alter gradually the magnitude of the induct 
ance and so gradually to vary the current. 

(c) An Inductrve rcs uta nce, such as an ordinary electromagnet or the primary 
of a transformer 

As an illustration consider an electromagnet, of resotance 50 ohms and 
inductance 0.3 henry attached to a suf^ly voltage of 1 1 0 A C. Aa we have 
already seen on pages 9 and 1 4 Ac impedance a 1 23 6 ohms, Ac current 0 89 
amperes, and Ae phase difference between current and voltage 66®8 Hence, 
Ae power dovpated in Ae electromagnet 

= no X 0 89 X cos 66°8 
= no X 0 89 X 4045 / 

= 39 6 watts. 

The value of cos « (m An example about 0 4) o called Ae forvfr factor It 
wiQ be seen that unless its magnitude » known we cannot find Ae actual 
power consumed by an inductrvc aremt. 

The student will realize that instead of uang Ac phase angle, Ae power 
resistance 

factor can be found at once from Ac rat» — — , or m Ae above example, 

impedance * * 

13 Capacity and Phase Difference. — When a circuit attached to 
an A.C supply contains capaaty and a noiimductivc resistance, Acre is again 
a phase difference between current and voltage, but Aa time Ae current s 
90 of Ae voltage. As far as phase difference a concerned, inductance 
and capaaty have opposite effects. Therefore, m a aremt contsinmg boA 
inductance and capacity by smtahly choosing Aar relative values, Ae lag due 
to inductance may be counteracted, or Ae net phase difference between current 
and voltage may be made very small Tha a of importance when it a desired 

to reduce power loss. If a given amount of power — so many watts h to 

be supplied a aremt at fixed voltage, evidently Ae smaller Ae power fcttor Ae 
greater Ae current necessary Tha mean* a heavier demand on the auTvme 
capaaty of Ae wires and a bigger beat or loss. ^ “ 



CHAPTER II 

PRODUCTION OF HIGH VOLTAGK PART L 
THE INDUCTION COIL AND THE TRANSFORMER 

To operate any type of x ray tube, a Toltage very much m ciceas of those 
encountered in ordinary circurts mutt be available. Actual value* range from 
less than 10,000 tomore than 1,000 000 volts. In this chapter our attention 
B confined to mean* of obtaining potential differences which do not exceed 
200 000 or 250 000 volt*. 

14 The Induction ColL — In the early days of x ray* the mduction 
cod was the apparatus used for developing the voltage neceaary to operate an 
X ray tube Although the cod b prac 
ocaDy obsolete in modem roentgenology 
tt ttd! has Its uses, m the phjsiology loh* 
oratory for example, and the ttudent 
B well advised to recall hs mam features. 
The basic pnnople b that of elcclro- 
magneOc mduction A dtr 0 ct current 
flowing m a primary cod wrapped about 
an iron core b regularly made and mter 
rupted, and, m consequence, an mduced 
E M T a developed m a secondary 

^ ^ cod wrapped about the primary On 

of m fajdacaoQ coll with himipq break. f. , ^rr' t' j 

make of the primary oremt, when 
the Ime* of force are mtroduced tba E MT b m one direction^ on “ break,” 
when the Imcs disappear m the opposte direction. 

To make and break the primary arcurt, an Bused. At one time 

three different types, the h a mm er the mercury and the electrolytic were m 
general use, the hitt two bang smtaUe when heavy power loads were needed. 
As the transformer ha* entirely tuperaeded the cod where heavy loads are con 
cemed, m tha text reference b made only to the hammer interrupter Figure 
1 2 show* the c*»ential feature*. When the twitch K a closed, a direct current 
flow* m the primary cod provided the contact pcnnti P and F, are touchmg 
One of these contact* P Is at the end of a s cr e w passmg through the rigid 
*upport D The other Pi n attached to the metal iprmg S which m its turn 
is ngidly fastened at the end O but b free to vibrate at the other end. At tlm 
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end It B loaded with the piece of soft iron H Normally when no current 
B flowing P and Pi are m contact. Hence, on clcumg the switch ^ thearcurt 
15 completed a current Aonsb, the iron core b magnetized, the hammer H o 
attracted the spring move* to the dotted position the contact points P and Pj 
are separated, and the circuit broken The pnmarj current then drops to 
zero the core loses its magnetism and the hammer b pulled hack to its initial 
position by the elastiaty of the ^nng 5 aided b) an additional sprmg not 
shown m the diagram Tlic action which so far h csscntull} the same as 
that of an electric bell b then repeated, the primary circuit being automatically 
made and broken ViTth a resulting mduced E M J in the secondary in one 
direction on make m the opposite on break. 

By using a large number of turns m the secondary very high E M F may 
be mduced, proridcd the magnetic line* arc introduced or removed quickly 

j/lylA/l 

j— j 1 1;^ 

Fia 15. GtapMoJ repretentaboo of pnnjuy coneat lad of 

•ccDodary roltage ia wnple ualDctioa 

enough that a, provided the tone of make or of break b short enough Actu 
ally m a good induction coil the tune of break b so much less than that of 
make that the E M F induced m the secondary on break a monBouaJy gnata" 
than that on make In a amall coil used by the students m one of the wnter* 
classes, on a imgle break of the primary it a possible to obtam a spark between 
the secondary terminals of about one centimeter whereas on make the E MT 
B 10 small that no spark at all can be detected. The explanation for this differ- 
ence depends on more than one factor To begin with because of the E M F 
of inductance in the primary cxril itself (see section 6) there a a delay m the 
nse of the current to its maximum value and the tunc of make a prolonged. 
For the tame reason on break, unless qwoal prccauoons are taken the E M T 
of mductance causes marked sparking at the contact poants (where the break 
occur*) sparkmg which may be foUowed by vaporization of the metallic ternu- 
nals and resultant aremg To suppresa thn sparking and aremg which pro. 
longs the time of break a condenser C b placed »kto« the contact point*, Thu 


CHAPTER II 

PRODUCTION OF HIGH VOLTAGE. PART L 

THE INDUCTION COIL AND THE TRANSFORMER. 

To operate anj t}T>e of x ra) tube, a wltagc Tcry much in excess of those 
encountered in orfinary circuits must be aTailablc Actual >-alues range from 
less than 10,000 to more than 1,000,000 rolls. In this chapter, our attendon 
s confined to means of obtaining potential differences which do not exceed 
200,000 or 250,000 rolti, 

14 The Induction CoiL — In the early da>-s of x rays the mducoon 
coil was the apparatus used for dcrclopuig the roltage ncccftary to o p erate an 
X ray tube Although the cod M prac- 
ttcall} obsolete m modem roentgtnologj , 
It still h-as Its uses, in the physiology lab- 
oratory for example, and the student 
IS well adnsed to recall its mam features. 
The base pnnaple h that of electn>- 
intgnetK induction A dirret current 
flowing in a pnmary cofl trrapped about 
an iron core a regular!) made and mter 
nipted, and, in consequence, an induced 
E M F n dcTcIoped m a secondary 
Fia IZ Pnm«r 7 and aecoodarr dredta coil wrapped about the prunarr On 

of an lodoctioQ coQ witli aammer break. « . r» r l ^ ^ , 

make ot the pnmary circuit, when 
the lines of force are introduced tbb E MT b in one direction j on “ break,” 
when the hnet dsappear in the opp o sit e direcCinn. 

To make and break the pnmary arcuit, an a used. At one tunc 

three different types, the hammer, the mercury and the electrolytic were in 
general use, the last two bemg suitable when hcary power loads were needed. 
As the transformer has entirely superseded the coil where heavy jltc con- 
cerned, m this text reference is made only to the hammer mtcmipter Figure 
1 2 shows the cssentiil features. When the switch K is closed, a direct curr ent 
flows m the pnmary cofl provided the contact point! P and Pi are touching 
One of these contacts P n at the end of a screw passing through the ngid 
support D The other P is attached to the metal spring S which m its turn 
n ngicily fastened at the end O but » free to vibrate at the other end. At th* 
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secondiry a greater (or Ic*) than the number m the primary To undcrttand 
why thu IS so It 15 necessary to realize that there ts an induced E M F (the 
E M J* of mductancc discused m icctwn 6) m the primary cod rtself and that, 
when the secondary arcurt b open so that no power ts taken from the trans- 
former the only function of the primary current is to mamtam the altematmg 
magnetic field Only a small current b necessary for this. If the primary 
resistance is small, the actual Yoltage necessary to malntam the current ts rery 
tm«]] also and therefore the E M J* of inductance a almost ctjual to the 



FiO< Grapheal rvptmtaoen ef cuiiojt la pruiurT of a fnu M&in ner 
and of cu rra pou diag lodoced rcJtap la aecenduy 

applied Toltage just as when a dnect current motor is running freely without 
any external load, the back £ MJF m the armature » almost equal to the 
apphed Toltage. Now since the same lines of force cut each turn of both 
primary and secondary the induced E M J* per turn in the secondary must 
be equal to the induced E MT per turn m the primary Hence, 

resultant secondary E1.MT = F of mductancc in primary 
^ number of turns m secop^Ty 
number of turns m pnmary 

Therefore, smee aj^hed Toltagc across primary b nearly = E M J” of mduct 
ance we may write with little error 

EMT m secondary = pnmary vtdtagc X turns m tecondag 

number of turns in primary 

Thus, if 1 10 Tolts are aj^ibed to the pnmary of a transformer for whxh the 
ratio of secondary to pnmary tunu » 1000 the secondary E MT b about 
110 000 volts. 

The secondary E M F may be eitber higher or lower than the pnmary volt 

age. In a transformer such as Bused for heatmg the filament of 

an X ray tube (section 56) or a rcctifymg valve (section 55) the voltage b 
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condenser prolong* ttill further the time of make, because on make a certain 
qxxanuty of eicctnctty flow* into it On break, the induced E M F cause* a 
further charging of the condenser and the current » not prolonged by bad 
sparking and arong If the mechanical de\'ice puU* the points apart quickly, 
then a rery rapid break b made with a corresponding high E M J* m the 
lecondary In a good co3 thb E M F aa alreadj noted, b *o much greater 
than that induced on make, that the secondar) terminal* ma) he marked, one 
positive, the other negative, as if the oo3 developed a unidircctiona] high rolt 
age. In a poor cod, this B far from being so. 

In Fig 13, the graphs giie a general idea of the behavior of the primary 
current and the corresponding E M F induced In the secondary 

The name jartdic s sometimes given to Induction cod currents. It wdl be 
seen that they are characterized h) abrupt changes, markedly different from 
the smooth gradual changes of smusoidal currents (set sectxin 188) 


IS The Transformer — For voltages up to about a quarter of a million 
the common device used In x ra) outfits is the transformer Here again the 
principle ts that of electromagnetic induction In Fig 14, ABCD represents 
a senes of sheets of soft iron put together to form a core of the shape iDustrated. 
A cod of wire P, the pnmaiy, connected to an alternating source of potential 
difference, ts wr appe d about one arm of the iron core while a second cod S, 

the secondary b wrapped about an 

^ "bT^ other part (or overlapping the pn- 

I ■ ^ " mary) When the primary circuit 

■ “I S ^ S ^ closed, the resulting magnetic field 

p “ ” ^ ^ is continuously changing the number 

_ — ^ ^ ~ of hne* rising to a maximum m oac 

^ P ^ direction then de crea ang to zero 

then increasing m the opposite direc 
W.cnc™-ri.cnombercflInk 
ages 9 mcreasmg * there b an mdoced 
E.M T m the secondary in one direction but when the number is decreasing 
(or increasing with the lines reversed) the E.M T 9 in the opposite direction 
TTie induced Toltagt* in the secondary therefore 9 alternating and of the same 
frequency as that of the primary current, the relation between the two bang 
somewhat at ibown m ITg 1 5 

The magnitude of the secondary E M J* a approxtmately aj many times 
greater (or lest) than the primary voltage as the total number of turns m the 
* An iocreaM of Una in one direction hu tlie wne effect u a decrea« of Ilim ta the 
c i ppcalta dlmtiflcu 
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rather than technical details, exact methods of constructmgNrafisfor&Tp/s will 

not be described '■ ^ 

In ordinarj problems it ts usual to assume that the transformer b 100^ 
effiaent- The follomng example may be useful 

In m itef-up transjormer the tecotularj hss 1000 Umes as rrumy turns as 
the fnmary If 10 milGamferes are delnered ai 100 000 voUs find (i) the 
frtmarj current (5) the fnmary voltage 

Since the secondary E M F is 100 000 volti, and the rabo of the number 
of turns in sccondar) to that in pnroary ts lOOO 

, 100000 , 

primary voltage = ~ volts> 


If the transformer b 100% effiaent, then pnmary voltage X primary current 
= secondary voltage X secondary current, or 

100X4= 100000X^10 
or 4 = 10 amperes. 

Or iltcnutely we may find the pnmarv current at once, from the fret that, 
if the secondary voltage b 1 000 tunes greater than that applied to the pnmary 
the secondary current must be 1000 times less. Hence, 
pimmrj current = 0010 X 3000 
= 10 amperes. 


18 Transformer Rating — When a radwlogst buys an i ray trans- 
former he n mtcrcsted m knowing not only what maiaroum voltage a machine 
B able to develop but also what current it will deliver at tha or lower voltages. 
Bearing this m mind at least one firm* has adopted a standard means of 
ipcafying under three conditwns of usage the peak voltagef (not the R M.S 
value) and the corresponding current as read on the milhammeter placed m 
the secondary circuit (see sectKin 20) The three conditions are (m) con 
tinuous use of the transformer (h) use for a short ” period that b, for a 
time not exceeding 30 seconds, wrth rest intervals five tunes as long and (c) 
momentary use, that a, for a time not exceeding 1 second with a rest period 
of .tW a mmutem between For aample a certain tranjfonner jj idTcr 
med la bating an output of 120 000 toll,, peak, at 25 ma, for contmuoui 
usei or 110 000 volu at 60 ma. for a abort Cmc, or 100 000 Tola at 100 ma 
for momentary use 


• WafKjo i Sons (EJectro-Medkal) I>A, London, En^Uad 
t In many brandw f i ray work, aa will be »ra latw 
important than th aamtgv valoe. 


the peak voltape ii 


more 
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lowered In tnunformen, the fccondary voltage b greater, and as vre 

have already seen, nnj reach or exceed 250,000 volt$« 

16 Insulation. — As the high tension voltage becomes greater, the 
problem of good Insulation becomes more difficult. Injurious sparking may 
occur between different parts of the secondary or betu'etn the secondary and 
rts surroundings. At one time some x ray transformers were impregnated 
with wax, but this method prowd unsatisfactory even for only moderately high 
voltages. Air bubbles developed and sparking took place through the cavrtio* 
thus formed Good Hgh tension transformers arc now unmersed in oil a 
method which not only provides better msulanon but has the further advantage 
that because of cons ectwn currents heat is dispersed more rapidly 

17 EEBaency and Power Rating of Transfoi m eis. — When the 
lecondar) circuit is closed, a current flows and power ts delivered to this arcuit. 
Automatically* more power u delivered b) the supply source to the primary 
The transformer therefore ma) be look^ on as a mechantsm for receiving 
power at one voltage and curKni and delivering it at a different voltage and 
current. Inevitably there ts some loss m the transaction although a good 
transformer may have an effioency greater than 95 per cent. TTie energy 
losses may be grouped under two headings (e) iron losses (^) copper losses. 
Under («) we uiclude (t) the loa due to hysteresis, arising from the magnetn 
mg and demagpetrang of the iron core and (5) the loss due to eddy currents 
in the mass of the metal The former loa fa reduced by choosuig o type of 
iron m which the magnetmn lags behind the magnttiiing field as htde as 
possible ; and the Utter loss by the use of Uminatcd cores. 

Copper loss ts the name grrea to the heat loss armng from the resistance of 
the wire carrying the current. The magnitude of this n equal to PR watts, 
where I a the customary symbol for the current m amperes, and R the r t ^ o 
ance m ohms. 

Even when aD these losses are kept to a nuniraum high efficiency a not 
obtamed unless the primary and secondary coils arc more closely coupled than 
they arc m Pig H Good couplmg a obinmcd by windmg the primary and 
the secondary close together but bs the ann of tha text a to expUm pnnaplet 

VTh« complete cxplatution of the nwoa for thli u not simple, bot a gtoeml Idea 
ma y be had froen tb following' Bj Loi*'* Uw oj bdoced enrmu opp o a u the move 
meot of the magnetic li«i which catue k. Therefore the *eco*ulary correm will oppoao 
the chjmging magnetk flux. If line* axe on the incxeuac it wfll creuw a comite^ld 
oppoKng the Increaae Thii redoetkm In flux wfll letacn the oppoaiag E31 F of indoc 
tanco In the primary and hence the primary current will autmnatically hicreaae. 
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a corrent will flow from /^to«tolto2to^ through the bulb m direction 
X to y back totfto + toSto^tothc other lead wire B Suppose further that 
dunng the time of one half a cycle, the disc renilTes to the posroon shown in 
Fig 17 In that case since the voltage between /f and B » now once more 
a maximum but with A — and B-\-t a aimple inspection of the diagram in 
Fig 17 win show that the current flow* from 5 to A to 2 to 1 through the 
bulb m the same durctwn as before, to3to4totfto/f In other words, 
tj tht dhe c*n roisUd ihts v*rj txact sf^ei then the current through 
the bulb win always be unidirectional In the secondary coil of the trans- 
former, of course it is alternating just as before. This exact co-relaoon 
between the speed of the rectifying disc and the fretpiency of the alternating 
current is obtained by means of what ts called a rjnchrtmous motor Tha n 
an A-C motor which runs at a single qieed only because its armature changes 



[Fio. 18. SltnpCfied anaccdotu of ■ truufonticr Ugli tcniioQ dmJt, with 
rectifi0 

la poBtjon m oact Bynchromsm with the changes of the cuerent. An x nj 
trsnifonner outfit with mechsiucil rectifier must include such s motor solely 
for the purpose of keepoig the lecofymg disc rcToleing st the entrad speed, 
Moreoeer smcc the synchronous motor runs «t one speed only frequently s 
second (stsrtiig) motor b necessiry m order to bring the synchronous motor 
up to the desired speed Sometimes the use of . second motor is SToldcd by 
hsTuig a synchronous motor constructed with an addibonal Omni which by 
means of a special starting switch, is put m use for a few seconds snd enahlm 
the machine to run as a different kmd of motor untd the cnocal speed fs reached. 
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19 RectiBcatloiL — For the tattsfactory use of an x ra) tube the Toltagc 
applied to rt must be umdirectmnal It may be mtenruttent, but unless m 
dircctwn is always the same (and correct) the effect on the tube may be 
disastrous. As a rule, therefore, since the h/gh tension transformer develops 
an alternating E M F some rfetijymg device b needed so that the voltage 
appLcd to the tube is alwap m the same dut c oon Rectihcatioo of tfao land 



a done other by a mechsmtsl reettfifr or m rfcujjtng tWpc xmng a heated 
filament. Although the latter method has almost superseded the former an 
exphumtun of its use roust be postponed until the nnportant pnnople of 
themdomc emission has been daomed (in sectxm 54) 

The principle of the mechaniod rectifier should be clear f r om a comidert 
tjon of Figs, 16 and 17 In these figures A and B represent heavy lead 
wire coming directly from the high voltage side of a tran sfo r m er Each 
ardc represents a disc which may be rapidly rotated and a made of some good 
insulating matenaL Attached to the dac are four projectmg pieces of metal 
(1 2 3 4) 1 and 2 being connected by a piece of wire or strip of metal 
siaalarly 3 and 4 As the disc reTDlvei^ these pieces touch fixed metil bnabes 
(a e li) « and h being attached to the lead wire A and B while by means 
of c and connection may be made with a circuit containing an x-ray tube. 
Suppose, now that as the dac rotates, it reaches the posmon indicared in 
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t current will flow from //to«toIto2to</ through the bulb in directMn 
Z to y hack to c to 4 to 3 to i to the other lead wire B Suppose further that 
during the tunc of one half a cycle the disc rerolve# to the postwn shown in 
Fig 17 In that ra<g since the voltage between A and B o now once more 
a m«nTrnifn but With A — and B-\~ a tunple inspection of the diagram in 
Fig 17 win show that the current flow* from 5 to i to 2 to 1 through the 
bulb m the same direction as before, to3to4tofltoy^ In other words, 
ff tht dhe etn be roteted mt thu very extet sfeed then the current through 
the bulb will always be unidirectional In the secondary coil of the trans- 
former, of course it b altenuting just as before Tha exact co-rclation 
between the speed of the rectifying doc and the frequency of the alternating 
current o obtimed by means of what o called a synehrxmous motor This o 
an A-C motor which runs at a single speed only because it* armature change* 



tti position in exact synchronism with the changes of the current An x ray 
transformer outfit with mechanical rectifier must include such a motor solely 
for the purpose of keeping the rectifying doc revolving at the critical speed. 
Moreover nnee the synchronous motor run* at one speed only frequently a 
second (starting) motor u necessary m order to bring the synchronoia motor 
up to the desired speed Sometime* the use of a second motor b avotded by 
h*»ing a lynchronou* motor constructed with an additional arcurt which, by 
mean* of a ipeaal starting *witcb h put in use for a few second* and enaUe* 
the machine to run as a different kind of motor unc3 the critical speed a reached. 
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20 Operation of Transformer with Mechanical Rectifier — A 
complete arcuit, somewhat simplified, is shown m Fig 18, where A and 1 
represent supply terminals, 1 10 or 220 A C The supply mams branch into 
two dreuTts, one fiuppl)'ing current to the synchronous motor, and controlled 
by switch 1} the other suppl)ing current to the pnmary of the high tension 
transformer, controlled by switch II In addition, there b the high tenswn 
circuit, including the secondary of the transformer the x ra) tube and a mil 
bammetcr MA, with the rectifying disc placed so as to send a umdirectional 
current through the tube The diagram should make clear without further 
explanation the connections of the tube arcuit. It may be stated bowcTcr, 
that the parts of the rectifying arrangement arc labeled as in Figs. 16 and 17 

To operate with sijch an arrangement the tube* a first placed in position 
and connected to the high tension terminals C and D TTiis arcuft a then 
closed as fflustrated m the figure Next the synchronous motor a brought 
up to ^iced. In the arrangement wx arc considering tha b done by throwing 
swntch I to the side marked start, thus utihxmg the starting motor, untfi the 
requaite speed a attained Switch I a then throwm to ode marked ** run ” 
and left there. The recu^ng dac a now running at the necessary exact 
^leed and may be left so for some length of time In another machine, as 
already noted, there might be only a sngle motor wnh special startmg switch 
closed inrtvdly for nvo or three seconds. 

Finally switch II the so-ctlled x ray swttth, a dosed, thus allowing current 
to flow m the primary of the transformer The resulting high induced 
E MJF m the secondary then causes a current through the tube and mil 
Ikmmetcr The purpose of the rfieostat a to alter the pnmary voltage, and 
hence the voltage applied to the tube, but that a a question we shall ducim m 
detail m the next chapter 

21 Nature oi Tube Current. — With such an arrangement it should 
not be difficult to sec that the tube current b intermittent A glance at 
Fig 19 should make it dear that when the doc b in the posiDoa mdKated 
in that diagram there a no current through the tube because neither « nor b 
touches a metal projection Evidendy the length of time the ctirrent a 
flowing wiH depend on the tax and shape of the projecting pieces, that a, on 
the tune they are in electrical contact wrth the lead wires A and B Tha 
time mterval therefore, may be and probably a different m different machine*. 
If tt a very short, only the peaks ” of the voltage value* will be utiliaed as 

* In a modem i ny tube an addldcnal dicuil f r headof the tnhe filament Ii aecemy 
(ChaptcT VI) Tha, however doe» not alter the principle of the efenenl arrmn^emeat 
explaioed at thli tta^e. 
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ijli 

represented grapluadlj’ bj' the short heavy line in Fig 20# If the time 
interval b a bttle longer a greater portion of the whole range of voltage values 
win be utilized, the ^rt heavy lines extending to the dotted parts. It b well 
to note further that, in order to utilire the peak voltage the dac must be m 
proper alignment, that b, when it u m the position represented by Fig 16 the 
voltage across A and B must be at m maximum value Sometimei the disc 
ibps on Its rotatmg axis and gets out of alignment To readjust it the services 
of an electneal engmeer may be necessary 


4c 



Fw. 19 Podtjon of rectw 
fying <E*c when no current 
1< punng 



22. Polanty Indicator — Not only must the current through an x ray 
tube be unidircctioiul but rt must be m the right dneetjon Now if one went 
through the senes of operaOans which have just been outlined, it might be 
found on closing switch II that the volugc was apphed to the tube m the wrong 
way Just how one would know that will be explained later In fact, if 
one began one hundred times at the begmning with all twitches open it 
would be found on closing the x ray switch II that on the average fifty times 
the voltage was right fifty tunes wrong In other words, with the above 
procedure, it b jutt an even chance whether the voltage is nght or wrong A 
glance at Fig 16 will explain the reason for ths. In tha figure it has been 
assumed that when the disc b in the position mdicated, A is posjbve and B 
negative. Now when it b brought up to speed, there a just as good a chance 
of A being ncgatJTc and B powire as vkc rcraa. With the above simplified 
arrangement, therefore when the x ray switch a closed, one would never 
know whether the voltage applied to the tube would be m the nght or the 
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^v^ong direction If it were wrong it would then be necessary to open the 
motor iwitch and cloje it again until the right direction was obtained Thts 
can be aroidcd by the use of a foUnty a small immunent found on 

the control board of mechanical rectifier x ray outfits. It ts essentially a direct 
current meter, with a pointer which moves to the left for current in one 
directxin, to the right for current m the opposite direction The indicator n 
placed m a branch arcuit taken off the motor arciut, and when the motor 
switch B closed, a current rectified by a commutator device on the motor shaft 
flows through it Depending on which way the current has been rectified, 
the pointer moves to one side or to the other By a single observation the 
operator can find out which side corresponds to correct polarity for the tube, 
and ever afterwards by looking at ha indicator he knows, tvtihctU clostng tht 
r-ray swtUh whether the rectified voltage b correct or not. If on starting 
the motor the pointer on the polaniy indicator is in the wrong direction by 
throwing over a revemng switch In the primary arcuit, the operator makes 
sure without stopping and restarting the motor, that the secondary voltage will 
be m the nght ^rectwn 

As already noted, mechanical rectifiers are now largely replaced by hot 
filament valves, which as we shall see later, require no motors and rerolving 
docs, with their attendant nose A full diicussaon of valve rectifiers and 
associated high tensun arcuits, with and without condensers, b given m 
Chapter VII 
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MEASUREMENTS AND CONTROL OF 
HIGH TENSION VOLTAGE 

In opcntmg roentgen tubes Jt u highly important not only to be able to 
vary the voltage appbed to the tube but also to know its actual magnitude. 
In tha chapter important methods of doing these things are dactosed Refer 
ence s first made to several methods of measuring high voltages. 

23 Spark gap Meter — The principle of tha method » e xtr e m ely 
fimple — the greater the potential difference between two conductors, the 
longer the spark between them when the air insulation breaks down Spark 
lengths may thus be equated to corre^ndlmg voltages, but m doing so one or 
two precautions must be considered To begin wrth, the spark length depends 
on the shape and size of the conductors, as well as the potential difference 
between them. The same voltage grm a different length b e twe en two 
pointed than between two qiherxal conductors, and still different if one con 
ductor k a sharp point, the other a plane The length even vanes for iphencal 
conductors of different diameters, as will be seen by ■ glance at TaUe 11 
(taken from Kaye and Laby s Tables) * 

It win be not^ that the lengths given m tho table arc for nr at 25 ®C and 
760 mm. pressure. For different valncs of both temperature and pressure, 
a correction must be made because these fiictors also affect the spark length 
for a given voltage. Table III for example gives the correction which must 
be appbed to the values given m Table II for a few other temperatures and 
pressures. To illustrate, with spheres of diameter 10 cm^ at a prewire = 
740 mm., and temperature — 20 the voltage coirespondmg to a spark 
length of 2 02 cm., a not 60 000 but 60 000 X 0 99 

To some extent the spark-over voltage depends also on the humidity of the 
air and for highly accurate work correctwn has to be made for tha hetor 
A. B Lewis has recently (1939) shown that, for voltages of the order of 
10 000 there a an increase in spark-over voltage, for a fixed gap amounting 
to 0 13 per cent for each milltmetcr of vapor presmre of water in the 
atmosphere 

* • Pltyriod «od Qitmlc*! Coeataoti and Sodk Mathmadcal Fonctioia,” hr G W r 
Kaye and T H. Laby Lcnjmaa*, Grteo and Co. 
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In actual use a ipark gap meter sctth spheres of a standard sixe a placed 
acnm the terminals of the tube as shown m Fig 21 With the tube running 
the distance between the gap terminals is gradually lessened untfl a spark takes 
place. To protect the surfaces of the 
spheres from mjury due to exccsarc 
sparking senes rcsotances RR of many 
thousand ohms should be placed as 
illustrated It is important to note that 
a current should actually be flowmg 
through the tube when the reading « 
taken. If no current n in the tube 
oremt the length of the ^jark raeaiures 
the EMJ or moniniim voltnge got p„ 3 , sphotpp mti pioteeno! rant 
Up by the transformer When a cur foe meawimnent of roluae sem aa 

rent « flowing the voltage across the 

tube IS less, sometimes very much less, than this E M F because of the drop m 
potential in the secondary cotL (Sec also section 25 ) 

24 Corona. — Before leaving the subject of sparkmg potentials, attentioa 
IS directed to the difference between a spark and cowm or hvsh dachargt 
In the case of a spark the electric field between two condnetors (one of wh^ 
may be the earth) becomes so intense that the air resistance breaks down along 
what 1 $ practically a continuous path between them A discharge passes, ac 
companied by a crackling sound and marked lummosty If a conductor b 
at high potential the air in its immediate vxanrty may become conductmg 
Without a complete breakdown between it and another conductor In tha 
case, a feeble discharge takes place accompanied by a glow called the corons, 
which can be seen in a darkened room. The smaller the dimensions of the 
conductor the more the likelihood of a corona discharge. In the early days 
of roentgenology the high tension leads running to the i ray tube were fre- 
quently narrow wnres which were wound on a small reel With these marked 
corona was a common experience Corona b undesirahle because it means 
not only a loss of energy but also the danger of the formation of undesirable 
ozone and oxides of nitrogen It can be avoided, as it now mvanaMy a, by 
the use of conductors of large Bze, kept well apart and well away from 
the earth 

25 Primary Voltmeter —The moit cemmon «id certrinly the mort 
coarement, if not the mojt occunte method of meuunng the potentnl dif- 
ference «crojj the termmrit of > tube consoa m the uie of mt ordinary A.C. 
Toltmeter acron the pnmaiy termmala of the tranjformer The higher the 




30 


CONTROL OF HIGH TENSION VOLTAGE 


pnniary volugc, the greater the E M F In the secondary and the greater the 
voltage across the tube Hence In any given outfit, the scale of the voltmeter 
may be marked to read tube voltage instead of Uic pnmary voltage which it 
rcaBy records. Unfortunately the scale can be exact for onl} one value of 
the tube current. It » true that for each pnmary voltage, there ts a cor 
responding E M F induced in the secondary but, as we have already noted 
when a cuirent ts flowing m the tube amnt, the potential difference across 
the tube terminals is le« than the E M F because of the voltage drop m the 
secondary winding Now tha voltage drop depends on the current, being 
greater the greater the current, hence for the same primary reading of the 
voltmeter the potential difference across the tube wdl decrease as the tube 
current Increases. For example £n a certain x ra) transformer foraprunary 
voltage of 80, a spark gap meter 3cro«s a tube gave a readmg of 3 06 mches 
for a tube current of 10 ma but only 2.85 mches for a current of 30 ma.f 
or for 0 pnmary reading of 100 volts, the spark length was 4 51 inches for 
10 sna. but only 4 10 inches for 30 n»< 
For very exact work, therefore, Jt would 
be necessary to have a separate scale on the 
pnmary v^tmcier for each tube currtmU 
If the tube » to be used wrth only a narrow 
range of currents, tha a not necessaiy; and, 
In any case a pnmary voltmeter odibrated 
to read tube kilovolts for a angle nulh- 
amperage n an extremely useful feature of 
an x-ray transformer oatfit. Frequently 
all that an operator wtsKes h to operate ha 
tube at the tame voltage as used previously 
with the tame tube current. 

26. Electrostatic Voltmeter — An 
ordinaiy “ gold leaf electroscope a an 
electrostatic voltmeter the defleetjon of the 
leaf measuring the potential difference be 
tween the charged system and the surrounding earthed case. In the Braun 
electrostatic voltmeter tha a put to practical use for measunng voltages of 
the order of a few thousand. In tha inttrumtnt, a movable metal ttrq> 
AB Fig 22 pnroted at O a m electrical contact with the insulated metal 
rod CD The surrounding case is grounded. When CD a /ofned to a 
conductor charged to high potential (for example, to one knob of a Wimshurst 
electrottatjc machmc whoac other knob is grounded) the moraHe rod a 
deflected an amount which a greater the lugber the potentiaL 



Fto, 22. The Bmon 
Toltmeter 


eleetrottatk 



ELECTROSTATIC VOLTNIETER 


31 


For higher potential* use b made of the fundamental principle that, if a 
potential diffeTcnce of V volta cxisa between two charged conductors, one 
positiTe, the other negatire they are attracted with a force whose magnitude 
depend* on the dotance between the con rewoferuTMt 

ductors, and on the voltage, being direct^ J 

proportional to P If, then two plate* *uch 1 — 

as /i and B Fig 23 are maintained at the 
potential difference to be mea*ured the force of 
attraction between them a proportional to the* b 
magnitude of thi* potential difference If one 
plate B fixed and the other free to more, tha 
force may be mcaiured * or the arrangement 
may be such that a pointer move* over a scale 
an amount which is greater the greater the 
force that b, the greater the potentnl dif 
ference to be measured. 


X 


Flo. 2X If copd uctor d b tauiw 
tajned >t a potentuJ ^ and COD' 
doctor 5 II .foiBcd to gnwad, A 
and fi ax« attracted with a force 
which ta prop er ti cpal to ^ 





A* an dlustratioo of an electrostatic 
voltmeter used for voltages of the 
order of a quarter of a million a bnef 
desoipbon n given of one constructed 
m the Palmer Phyncs Laboratory at 
Princeton Umrersrty and described 
m an article by C W Lampson In 
thi* instrument the dectrostatic puH 
B measured by the application of a 
ample principle in mechanics. If the 
bob of a ample pendulum a pulled 
aade by a horizontal force F the 
greater F the greater the honzontal 
duplacemtnt x If the ball a very 
heavy »o that rt » never deflected a 
great deal out of the vertical the da- 
placement X a darctly proportioiial to 
the force F 

In thi* type of elec t ro sta tic volt 
meter a sector AB Fig 24 a 
punched out of an 8^ hollow copper 
sphere and then suspended so that it a 


potentUb of the order of ISOflOO roia «r« 
D Konj ed br the moTemect of tb; wi ^i t AB 


• I. matmim k k moT.iJc pUtt b .totiri to 

OCX arm of a laUnr^, 
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free to move 110010010117 with only a imall amount of clearance between the 
sector and the remainder of the sphere A rod CD a rigidly attached to the 
Kctor AB and the whole hung by n suspension S* A silk thread T is stretched 
between the ends of brass rods B and F, attached to collars M and M which are 
ngidly joined to the rod CD Tho thread, kept under tension by a small metal 
ipnng, 0 wrapped around a drum E attached to the Ycrtical cylinder 
which fj piroted betw een fixed suf^rts so that it is free to rotate 

Now when the voltmeter, whi^ b grounded, a brought m the neighbor 
hood of a terminal charged to a potentiat V, as b Fig 2Aa, the plate AB h 
pulled With a force, whose magnitude as we have already noted » proportional 
to F* The plate, therefore, and the whole i)item to which it is attached 
moves in a horrxontal direcoon an amount proportional to this force Because 
of the action of the thread wrapped about the drum the cylinder ts rotated 
a corresponding amount, and finally the end of a pointer P attached to the 
cylinder moves over a scale Thus, ** the lateral motion of the sector n 
transmitted as rotatory motion to the pointer” The posmon of the pomter 
on the scale therefore, mdicates the magnitude of the puB on the plate, that a, 
of the potential difference between the source of high potential and the 
ground^ volcmeter To read m volts the scale must Ite c^'brateiL In the 
mstruinent used at Pnneeton cahliration was earned out by the use of a high 
rettstance and measured current as explained in the next sectxint and also by 
abaolute calculation from fundamental pnnoples of electrostatics and mechanics. 

27 Current through a High Resistance. — The student will recall 
that when a direct current of / amperes flows m a resntance of R ohms, the 
potcntul difference between the ends of the wire is IR volts. If, then we 
had a coQ of 1000 ohms in a arcuit and an ammeter or mflliammeter indicated 
a current of 10 nuu, we would know at once that the potential difference 
between the endiof the wire was 1000 X 0 010 or 10 volts. Withamegohm 
or a 1 000 000 ohm resistance, a current of 10 ma, would indicate a potential 
difference of 10 000 volts. Given a auffiaently high resbtnnce, therefore. 
It is powlde to measure voltages of the order of those used in x ray wori^ 
provided a suitable instrument is availahle for observing the (small) current 
through the r es nta nce when the high voltage s applied across it. 

F D Owen King has described m the Bntah Journal of Radiology another 
method of utihrang a high resistance to measure the roltage across an z ray 
tube when operated with constant potential outfitx. This method, which it 
a stated, measure* 250 000 volts with an accuracy of 2 per cent, consati m 

• Tho sphere fa art into two hemiUpbere* to enabla the appamoi to be placed wfthln h, 
tha two parta beinf fnb»ioently pot tt^etbor again. 
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mammng the Toltage ftcro« a Tcry itnall portion CB, Fig 25 of the high 
matance AB through which a tmall current flows as a result of the apphea 
tton of the tube voltage The potential difference between A and B k then 
U many Umet greater than that recorded by the voltmeter attached to B and C 
as the resatance of AB is greater than that of CB For the samfictory 
operation of this arrangement, certain special constant Carbo ” reststancea 
were utilraed. These are * of specially 
prepared resistance material imniersed 
in oil and contained m porcelain tubes, 
the oil serving the purpose of cooling the 
resistance units and preventing corona 
effects.” 

Further details concerning tha method 
win be found in section 168 

2fi The Secmim Spectrograph. 

— Tha mitrument provides an accurate 
meani of measuring the maxunum po* 
tented difference across a tube from 
observation of the spectrum of the v rays 
e mi tted by iht tube An cj^danabon 
of the prmople involved must be pot^ned untD we arc dealing wHh the nature 
of X rsyi (see section 103) 

29 Control of Tube Voltage by RheostaL — With the itsndard 
tranaformcr arrangement, the voltage across an x ray tube may be altered 
and controlled by two standard means (1) the rheostat, and (2) die auto- 
transformer 

In the rheostat use h made of the familiar IR drop in voltage due to re- 
satance (see secoon 27 again) Suppose the oremt which includci the 
primary of the transformer k arranged as In Fig 26 If, at the rnim supply 
ttmdnili, the voltage a 220 A.C., then with tha arrangement the voltage 
across CD the primary of the high tension transformer a less thw 220 by an 
amount wbch depends on the resatance of the rheostat and the current. By 
decreasing the amount of resatance (if the power taken from the transformer 

remains constant) the voltage drop In the rheostat becomes less 4nd, therefore, 

the Ttiltagt across the primary greater 

In consjdenng the rheostat method of control of voltage, one or two pomti 
should be noted. 



Fio. 25 By rneantrement of the voltage 
BCress BC a amsU portion of the very 
Utb res iitiLf w :* ^^lapanBd v]ih sa 
x^ray tahe the poteaoal J ff iareac e 
screas the tube may be Eoearared. 
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(fl) A great deal of heat t$ developed in a rheoftat, became whenercr a 
current flows against rewtance, there fa o loss m power e<iual to 7*^ watts. 

(A) Since the drop In voltage through the rheostat depends on the values 
of both resistance and current, a change In the current may mean a marked 
change In tube voltage, even for the same setting of the rheostat. For 
example, if the tube current u cut off without opening the primary arcurt* of 
the transformer, the suppl) current In the pntnary cunut drops to a low 
value, the IR drop in the rheostat becomes much smallcT, the voltage across 
the pnmary much larger, and, therefore, the E M F In the secondary much 
greater Tha fa a disadvantage, because an unduly high voltage may then 
be applied to the tube 

On the other hand If because of a short arcuit In the tube circuit, the current 
supplied the pnmary should suddenly nse, the rheostat control has the ad 
vantage that axrtomancaHy the tube voltage will drop. In tho case, the 



Pjo, 26. CocmeedoBf tor dfflple rbeoatst csomJ of h}fh tnnloaTolta(e. 


sudden nse In current greatly increases the IR drop in the rheostat and so 
causes a correspondmg decrease In vtJtage across the primary The rheostat 
can then be considered as a kind of aafety valve in tiie case of a short arcuit. 


30 Voltage Control by Anto-tranaformer — With the type of 
X ray tube now in common use, the usual method for controlling tube voltage 
a by means of an taOo-trtTisjormtr Tha a easentfaUy a transformer with 
a angle winding whose ends are connected, as shown m Fig 27 to the low 
voltage A-C. supply mams. From B one end of the winding and C a poia 
whoee poetion may be vaned by tbe use of m number of tappings, wires arc 
led to the primarv of the high tenooo trmmformer Because of tho prlnc^e 
• Ai win be KOI la C3txpter VI, ttl« aa be done la hot fiT ti rirp t tube* rimply by opening 
the hluDCDt oroilt. 
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of electrotnignetjc induction between B and C * Toltagc is maintained whose 
magnitude b m the same raoo to the cupply Toltagc as the number of turns 
of the winding between B and C b to the number between A and B By 
altering the position of C voltages rangmg from zero to the full supply voltage 
may be applied to the primary of the high tension transformer, and so a cor 
roponding range of vdtages develc^ied m the secondary 



UnLTte the rheoetat method, auto-transfonner control maintains a nearly 
constant tube voltage even when the tube cturmt vanes, because the potential 
difference between B and C depends on the posrtion of C and a independent of 
current vanarions in the suppfy mams. 'Hja has both an advantage and a 
daadvantage. It a certainly an advantage to hare the high tension voltage 
remain nearly constant in sprte of changhig loads, because as we shall 
later the tuture of the a rays emitted by a tube depends on the tube voltage. 
On the other hand, if a short circurt develops, it a better not to hare the high 
voltage maintained, and m tha insta nc e, rheostat control a to be preferred to 
auto-transfonner 
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CONTROL OF HIGH TENSION VOLTAGE 


(«) A great deal of heat ts developed m a rheostat, because whencrer a 
c ur rent flows against resistance, there fa n loss In power equal to PR watts. 

(^) Since the drop m voltage through the rheostat depends on the values 
of both resistance and current, a change in the current may mean a marked 
change In tube voltage, even for the same setting of the rheostat For 
example if the tube current ts cut off without opening the primary arcirrt* of 
the transformer the supply current In the primaiy circuit drops to a low 
value, the IR drop m the rheostat becomes much imaHer, the voltage across 
the primary much larger, and, therefore the E M F in the secondary much 
greater This a a disadvantage, because an unduly high voltage may then 
be applied to the tube. 

On the other hand, if because of a short dmnt in the tube cnxuit, the current 
suppbed the pntnary should suddenly nse, the rheostat control has the ad 
vantage that automatically the tube voltage wiD drop. In tha case, the 



Fio. 26. ConaeCtraDt he ihaple rheostat coatrol of Uffa tensioaToItite. 

sudden rao m current greatly increases the JR drop in the rheostat and » 
causes a corraponding de cr ease in voltage across the pnmtiy The rheostat 
can then be considered as a kind of afety valve in the case of a short orcurt. 

30 Voltage Control by Auto-tranaformer — Whh the type of 
X ray tube now m common use, the usual method for controlling tube voltage 
fa by means of an stfiO'-trsnsjorm^r Tha a essentially a transformer with 
a smgle wmdmg whose ends arc connected, as shown m Fig 27, to the low 
voltage A.C siqjply From B one end of the winding and C a poin 

wboee po e i tx m may be varied by the lac of a number of tappings, wires arc 
led to primary of the high tension transformer Because of the principle 

* ^ will be wm in CtajnCT VI, thb can be done fa hot fiUmctrt tobo riniply hy opetiing 
the filament drcolt. 



cx)NDUcnvrrY of air 


elcctnoJ midune or high voltage battery It wiD now be found that, in 
ipte of the motion through the tube, the eicctroacope rrimm lU charge In 
other wordi, the conducting air, after paaatng between the charged plates has 
lost Its conductivity or b no longer ionized. 



Fio. 28. loot (mm cbe odgfabo ih ood of flame when drawn a}on{[ the 
tnbecQachai^ the dectraico^ 


The removil of the conductm^ \jj the charged plate* (and many other 
e3^>erunents) prores that air a made a cooductor becauae of the formation hy 
the flame of mull eUctnfed parodes. Theae pander which we »hall lee 
preaendF ma/ be cither pooave or neganre, are called tems TTieir exwence 



Fku 29 Iota dniwn aJoog the tnbe we ranoTcd by an electric field 
acroM the pUto P tad P». 

providea a ready eapUnatxin of the discharge of the electroscope. If it » 
posmvely charged and loni are found near it, ponnve ions will be repelled, 
neganve attracted Each negaOve ion on reaching the insulated rod of the 
electroKope will annul some of the positive charge on a until finifly the 
dectniscope B completely discharged Moreover all the bme the dischanre 
8 takmg place than, u . Wum oj foxw. v, .Cr.ct^n, twgatm, t, 




CHAPTER IV 

CATHODE RAYS 

In the original type of x raj* tube a current pace* through a rarefied gu; 
In the hot filament tube a current panes, although the \'BCUum may be nearly 
05 perfect as modem means of exhaustion can make it Before the action of 
cither can be understood, it b necessary to consider somewhat in detail the 
whole question of the passage of electnaty through a gas. 

31 Conductivity of Air — Suppose an electroscope made with the 
roost perfect insulation possible s given a charge If the deflection of the 
leaf B observed hour after hour it will be found that, although there b an 
extremely slight falling of the leaf the charge b retained even for days. We 
conclude, therefore, that while air ts not a insulator, at any rate h b an 

extremely poor conductor of electnaty (Evidence that air tt not a p er fect 
insulator has been given impUcitl} when It was pointed out that, once the voltage 
across two conductors exceeds a certain value a spark jumps the gap between 
them ) 

It ts poisble however, to put air mto a fairly good conducting state A 
simple experiment will illustrate one means of douig so Suppose a Lghted 
match IS held near the projecong end of a charged clcctrwcope It will be 
found that in a few seconds the leaf has hdlcn and the elec tros cope b dis- 
charged. The air m the neighborhood of the electros c ope has had its con 
ductivity enonnously increased by the presence of the flame In other words, 
the flame is what we call an tontztftg *gtnl, causing marked loiuzadon of the 
air m iti neighborhood. 

Suppose we have on arrangement of apparatus similar to that fllujtrated 
m Fig 28 In this case air from the neighlxirhood of a flame may be sucked 
through a tube LM mto which projects the top K of the insulated rod of * 
charged electroscope With such an arrangement it will be found that as 
toon as the air from the flame ts sucked along the pq>e the electroscope begms 
to lose Tti charge Evidendy air in the conducting state can be earned from 
place to place. 

Imagme next, that the apparatus B altered so that the lomzcd air m its 
passage along the tube has to pass between two plates Pi and Fig 29 
which are jomed, one to the positire, the other to the negaCvc terminal of an 

36 * 
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the premire geti lower The harder a gu x ny tube tt, therefore, the greater 
the voltage necessary to nuuntain a given current through it. Conversely the 
tube a said to be ‘ loft ” when the gw o m a fairly good conducting state 

33 Appearance of Vacuum Tube. — The appearance of a vacuum 
tube when conducting a current at low pressures n very beautiful and has 
certain general charactensoca which it a well to note. Irutially or very 
shortly after the gas has become conducting a single sharp narrow streamer 
extendi the length of the tube As the pressure a reduced the band of hght 
becomes wider and more and more diffuse until the whole tube a filled with 
lummosity At still lower pressures (of the order of half a milluneter) the 
tube has a strOong and very char 
actenstic appearance (1) Around 
the cathode a a thin luminous layer 
A m Fig 31 (2) next a a sharply 
defined dark ^ce B followed by 
(3) another luminous region C, Fro. 31 Appearw«c of • Tacmnn tote carry 
then (4) . «o„d m^efined d«k 
region D and finally (5) a column 

of lummosty E extending to the anode At certain pretsurta tha column a 
broken up mto beautiful strutwos, that a, narrow regions alternately dark 
and light. 

Most important of these regions a the sharply defined dark space, the 
Crookes dark space as it a called, or sometimes the dark space. With 
de crea smg pressure, its width continuet to increase, and a indeed a rough 
measure of the degree to which the tube has been exhausted In the of 
a gas X ray tube, the dark space should fill the whole tube If by any chance 
an x-ray tube presenO the above appearance that a, one with mark^ luimn 
osity the pressure a much too high and the tube must be re-exhausted before 
It a of any use. In the case of a hot filament tube careless manipulaoon 
may result m the liberation of gas. If sufficient gas a present, tha will be 
evident by the general luminosity fiUmg the tube when a high voltage a 
apphed. Again rc-exhaustion a the only remedy 

34 Propertira of Cathode Raya. — When ofumoon n extended 
beyond th.t gmng me to the above chancteratic appearance, the dark tptet, 
aa already noted, growl wider and wider untfl it hnally filh practically the 
whole tube Thia occun when the ptewire haa now been reduced* to about 
1/100 mm a value which ts of the order of that in a gaj x ray tube. At 
^ * W. ipeah of rairint the v^onin when we lower the preaeare. 
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th4 offosrU Such a ftream of wni conititutca an electnc current through 
the air 

32, Conductivity of Air at Reduced Prcsatirc, — Before cxpbumng 
just what the nature of ions »s, reference must be made to ex per im ents relating 
to the conduednty of air at pressum consadcrably less than atroo^henc. 
Suppose that the tennmaU of a '* vacuum ” tube with electrodes A and By 
Fjg 30, are joined to an induction coil and that the tube at the start con 
tains atmospheric mr, with the electrodes at such a distance apart that no spark 

discharge can take place If now, 
bjr means of an exhaust pump, the 
air ts gradually removed from the 
tube, a stage a soon reached at 
which a discharge passes readily, 
Fra. 30. A dmpk rtomm tube with iatoad this Stage bang indicated by a 
electrode*. p£ JmjjyjQjrty whoch extends 

from one electrode to the other As exhausoon proceeds the current passes 
more and more readily until a second stage ts retched beyond which the cur 
rent passes less readily, until hnally, when a very high vacuum has been 
attauieil, the resistance » so great that the tube will not condua at oQ Some 
actual measurements (taken from Towmend s EUetneOy vt Gv$s) are given 
T«tE IV 



m Table IV This taUc grrei the voltages necesa a ry to maintam a current 
of 10 ma. through a tube 3 era m diameter, with electrodes 115 cm. apart, 
at vinous pressure*.* It will easily bo seen that as the pressure lowers, at 
first a bwer and bwer voltage b required, but after a certain cnocal value 
has been reached, higher and higher voltages are nece»ary Evidently then, 
th* r0SisUnc4 of a v*cvum tuh* (or a x-rmy tui*) itfxnis on th* dxgrtt 
to which a Aaj bxxn txhxusuS. Moreov er after a certain cntraal pressure 
has been passed, rt is more and more difficult to pass a given current through 
an exhausted tube. Technically rt h said that the tube become* harder as 

* ■Radm will reaJl that the prewre of a fu is freqwotly eiprewed in term* of the 
length of the cnlnmn f roerenry it will wipport. Atmoephnic air for ctample, will 
jopport a of mercury wboK bdffat vaiia fnan day to day but i* in the ndghbor 

hood of 760 la the ca p eri ment to which Table IV has reference an air prewra 

t.,, whiA appports a colontn of mercorr only 17/100 mm. hlffa. • 
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ihidow i 5 oat on the end of the tube all the region around the thadow 
ftrongly fluortiong Thfl could be caused only b) a beam which, like light 
raya, travcli m straight Imes. {+) Cathode rays represent a considerable 
amount of hnetic energy Tha may be shown by utmg not a plane cathode, 
as represented in Fig 32 but a concave one By tha means the beam of rays 
(which It was pointed out above proceed normally from the cathode) can 
^ brought to a focus at a point, as fllustratcd m Fig 34 If now a thin 
piece of metal be placed in a tube so that 
the spot to which the rays are focused a 
on the surface of the metal, m a short tune 
incandescence will be observed m the 
naghborbood of the spot. On impact of 
the rays against the metal a large amount 
of heat B developed, (Tha pomt o of 
very great importance m connection wrth 
the actun of other the gas or the hot 
filament tube (5) Cathode rays are deflected from their path by an 
as well as by a mignetic field. To show this a tube construct^ as represented 
ID Fig 35 ts used By having a small cylmdrKal opening m the center of the 
anode, a narrow penal of ca t hode rays may be obtained. Tits may 




Fid, 34. F naraa g of cathode raya. 



Fio. 35 Cathode nr* »« deflected br the electric fidd b e twe en 
the platca Ki and X’b 


be visible for only a short distance from the cathode if indeed rt can be teen 
at an, but, if at the far" end of the tube a fluorescent screen S be placed, the 
presence of the rays a at once evident by a round fluorescent spot at P, on the 
screen Suppose now the tube has been constructed with two metal plates 
Ki and K, and that these are joined, one to the positive, the other to the 
negative lemunal of a battery It wfll then be found that the spot of light 
shifts from F to In thro- frsftgr through thr dr cine fidd hrtween thr 

flrtrj thr rrjs hrv* htm drjlrctrd 

From tho Md tht other properdt, enumented, wc conclude th,t atbode 
ny, coniiit of « strtm of lUcinfitd fmluUi Moreover from the djrecuon 
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this prcMure a very fiunt beam of light proceeding tt rx^ht tngUt to the cathode 
b frequently vmbic* Depending on condrtioni, this beam may be narrow, 
covering only a imall portion of the face of the cathode, or rt may cover 
ncarlj the whole of it\ tt ma) be extremely (amt, or It may be well defined, 
(Often It is quite rwible m a ‘ soft ” x ra) bulb,) The direction of thb beam, 
moreover, w independent of the positron of the anode. For example, m a 
tube of the shape illustrated m Fig 32 the beam b still at right angles to the 
cathode, although the anode is m on ana at one side of the tube. 

A second important appearance 
fe charactenstjc of lh» stage. The 
walls of the tube, particularly at 
the end opposite the cathode, arc 
seen to fluoresce UTth a glow, fre- 
quently greenish, whose color, 
Fto. 32. Cathode nn (eire the however, depends on the compesf- 

cilod. DormJlr non of tJie gW Tint the Suo- 

rcicent light has some connection with the faint ttrearaers a readfl) shown by 
amply bringing one pole of a magnet near the cathode end of the rube. Both 
the f^t beam of bght and the posmon of the fluorescent bght at the other end 
move simultaneously 




Fro. 33. A thcrpsluidov of die crew If out bxii beam of cathode nji. 

The name csihod* rtjt has been given to the fsmt beam of light. What 
ts them nature? Before answering tbb question it is desuable to look at some 
properties of the rays. From what has just been stated, cathode rays ( I ) are 
deflected fr om their path by a magnetic field and (2) excite fluorescence 
where they strike the waHi of a glass tube. (3) They travel m straight lines 
when no deflecting electnc or magnetic fields are present Thu u readily 
shown by using a tube of the kind fflustrated m Fig 33 With soch a tube 
It a oh ser r ed that if an obstacle P a placed m the path of the rays, a sh^rf 



NATURE OF CATHODE RAYS 


43 


between two charged platct and the drops are then given a charge by tonmng 
the air in tho region A single drop ordinarily will fall ilowly due to iti 
weight, but, if It has a negative charge and the posOvc plate a above it, as m 
Fig 36 the electric force acting on the drop will be m an upward direction 
and may eady be adjusted untfl it eaactly balances the downward puH of the 
earth. The drop will then be balanced m space aomewhat like Mahomet s 
coffin Calculatjoni based on this experiment enable the exact charge on 
the drop to be obtained and show that the charge a always equal to that on a 
cathode ray or to some multiple of it. Smaller amounts have never been 
observed, and larger amounts occur in exact multiples of th» fundamental unit 
of charge The actual magnitude of the fundamental or electronic unit a 
4 80 X 10“*® statcoulombs,* or 1 60 X 10“** coulombs,* 

From work m clectraljms we know that 96 490 coulombs a the charge 
earned by the was contained m 1 008 gm of hjdrogtn, or 


charge on a hydrogen ion 96490 , , 

^ ccailcffnbs per gram, 

ma« of a hydrogen ion liX)8 * ® 


or 


9JI5 X 10* coulombs per gram, 


where $ represents die charge on an hydrogen ion and M its 

Since esqiertmeat shows that # the charge on a cathode ray a equal to « 
the charge on a hydrogen ion it follows that M the mass of a hydrogen atom a 

■bout ^ greater than m the mau of a cathode 

ray t In passing we may note that the maa of a hydrogen atom a I 66 X 
1 0“** gm that of a alow cathode ray 9 09 X 1 0”** gm 
In cathode rays, then we have to deal wrth particles of tha »m«1| ma«, »I1 
carrying the same negative charge of electnaty It a important to realize 
that the mass of a cathode ray a the tame rcgardleai of the nature of the 
materals in the cathode ray tube. The cathode may be of iron or of 
copper or of silver or of aluminum or any other mctalhc substance the gas 


* It wffl be recalled that 1 ftatcoolocnb It nefa a qBandtj of electndty that when 
placed 1 on. away from tunflar quantity with air aa the mcdiom between them the 
forte of repolnco tetwten the thartee la 1 dyne It wiU be wefol to mnember par 
dcolarly when we ditewa the qnettko of * ray dotage, that ^ 

1 conlomb or 1 ampeto-wrwd = 3 X 10* xirconlotBl., 


tTW.bm>.oillT"l>aitboip«Jof tkocMhod. Aonnll, IL. 

ii . fonatoo of tl« ..looitT Md u otrondy hlfh iprodi tit ojotno iom., 
of freat Importano. 


maw becocM 
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of the deflection by the elcctnc field, the charge they carry » at once teen 
to be nfgstw 

35 Nature of Cathode Raya. — The expenmentt which led to the 
dttcoreiy of these properties of cat}u>de ra)^ left no doubt about their corpus- 
cular and electneal nature Moreover they provided the answer to questions 
which naturally arise concerning the nxe of the particle*, their speed, and the 
magnitude of the charge they carry A glance at Fig 35 will show that it 
ts a simple matter to measure on the screen 5 the distance from Pi to F, that 
n, to measure the amount the beam ts deflected and it should not be diflScult 
to tee that thfa depends on the very things we vnsh to know To begin with, 
the greater the electric charge the particle has and the larger the voltage 
across the plates Ki and Ki, the greater the force pushing the particle to one 



Fio. Theprioapleof MQEkao s ell drapexpmoKot. Adnc^ 

re pr am ted by the bUek dot, b poUtd oovowinb by tae 
fora of grtnty opwtnU by the dectnc field betweeo the 
puts* Ki BBd ATfc 

sde. But heavy particles are not pushed aside as readily os light, nor fast 
particles as easily as slow hence the amount of deflectloa depends not only on 
the force acting on a particle but also on its mass and itx speed. For the 
trained physKxst comparabrely simple calculations connect all these factor* 
together and from his calculations and observadona, made with both ele ctr ic 

and magnetic fields, it can be shown that the raluc of “» that is, the ratjo of 

the charge earned by a cathode ray to fti mass, b equal to 1 76 X 10* coulombs 
per gram. 

As researches concerning the conduction of electnoty through gases con 
tmued, it became evident that the charge carried by a cathode ray was a 
fundamental unit of electnoty It would be out of place m tha book to refer 
m detail to the p*oncer mvcstigatKmi estahhihing th» fact, and a brief reference 
a made to but one outstanding invesOganon the famous oil drop eapenment 
performed by Millikan like a few other famous eapenmenti it a beautiful 
m Its simpbaty By means of an atommer oil drops are grayed m the ipre 
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m graira moving with vtloatjr cm per see, b ergs. In the case of 
the cathode ray we have seen that 

m = 909X 10-«gm 

Therefore the kmeoc encigy of the parade 

= ^ X 9X)9 X 10-“ X 0* ergs. 

Hence, 

4 X 9X) X 10"** X 0 * = 1 6 X 10"* from which 

0 = 59 6 X 10* cm. per second 
= 37,100 per second 

36 Structare of the Atom. — As we have just seen the discovery of 
cathode rays showed that atoms of aU dements roust contain ncgaovcly charged 
pamdea, a conclusion which was amply confirmed by subsequent worV, 
These particles we now call eUctront reserving the name cathode rays for 
dectroni which arc shot down evacuated tubes of the land shown m Figs. 32 
and 33 Electrons maybe rdeased from atoms m a number of different ways 
A very common method which we shall diacuas more fully m Chapter VI con 
tistt m beating a metal to incandescence, m which case dectroru evaporate 



Fiq. 37 A wnple e k etnm ffon. Ekctnjcu •« Uheraod from tfae beated fiUment F 

from the metal, or to be more sacntific, there a a thrrmiomc tmtision of dec 
trons. In a radio tube for example, the filament which you sometimes can 
see Rowing, *» heated to obtain a supply of electrons. If, thertfore an evacu 
ated tube n nude like the one shown m Fig 37 where the cathode of Fig 32 
>s replaced by a wire* F heated to mcandescencc by passng an dectnc current 
through It, a beam of cathode rays a shot down the tube when the filament B 
joined to the negattre terminal and the anode to the posmve terminal of an 

• FreqDcaay tlw frirt b coated with a mattnd like Ume or addum odde which 
Itbeiatti electron, copiondy when the wire li heated at a lower temperatare than b 
Dcceaaty for the imeoated wire. 
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m the tube before it was cracuated may have been ordinary air, or oxygen, or 
hydrogen or carbon dwxide or any other Idnd — in all casci the *ame rcjuli 
B obtained AH slow cathode ray* hare thb same roa». Tho was a ttartling 
dacoTtry because it proved that there was a common constituent to all lands 
of matter The atom can no longer be considered uncut or uncuttable as it 
was throughout most of the nineteenth century It must contain prticlcj 
with a mass nearly tv.x) thousand times less than that of the hydrogen atom. 

The speed of cathode rays depends on the potentul difference between the 
cathode and the anode m the game way ns the speed of a falling body depends 
on the height from which It has fallen, and may be thousands of mile* per 
*econd For example for a potenttal difference of 10,000 volts, the speed 
B about 37,000 mOe* per iccond, or about one fifth of the teloaty of hght 
for 100,000 volts, the ipeed b over 100,000 miles per second and for a 
million volts, nmety five per cent of the q>eed of light b obtained* 

It t* mttructivc to calculate the speed of a cathode ray for a given voltage. 
To do so the student must recall that luut potential difference exists between 
two points or two conductors, when unit amount of work is done tn taking 
a unit charge from one point to the other or when unit amount of energy » 
gamed if the unit charge foHs under unit potential difference To be more 
^Mcific, if unit potentul difference whkh for convenience we ihaQ call 1 
ttatvolt, ejects between two conductors, and 1 statcoulomb faB* through tha 
potentul difference the energy gamed is 1 erg the fundamental unit of energy 
Another important energy unit in common use b the tUetron-volL Thu a 
the amount of energy acquired when a particle having a charge equal to the 
' fundamental or electronic unit fall* through a potentul difference of 1 volt 
It follow* at once that, if the potentul difference ia V ttatvolts, and the 
charge a a statcoulomb*, the energy gained a Vt erg*. Smee the usual unit 
of potentul difference b the volt, the itudent ibould remember that 300 
volt* = 1 itatvoltj or that to change from volt* to itatvolt*, you mutt dmde 
by 300 

Suppoae, now that a cathode ray (with charge 4 80 X 10““ ttatcoidomha) 
faHi through 10 000 volt*. The energy* it acquire* 

= ^x4exio-»«B^ 

= 16 XlO-*ogj-* 

Tha energy appear* a* kmetic. Now the kinetic energy of a partide of num 
* Thii uMTxmt of «B«rg 7 *» more often dooibod u 10 000 electron-rolti. 
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an dectron complctdj out of the atom away from the attraction of the nucleus. 
When that has been done, the nucleus has one unit of positive elcctnaty m 
excess of the amount necessary to neutralize the negative charge on the remain- 
ing electrons, and we have what ts called a positive atom-wn or more often 
just a foniro* ton Sometimes two electron* are removed from the atom and 
we then have a doubly charged positive ion The atom m each case b said 
to be iona*d and the mean* by which the electron or electrons have been 
removed are called ionizing agents, X rays, gamma rays from radium, and, 
ts we have already seen flames are examples of such agents. The electron 
which has been removed from an atom does not always remain in solitary state 
but frequently attracts to itself a neutral molecule or atom or poaibly several 
of them, forming a negauve wn 

On this view electnary b never created, but b of the very essence of matter 
When an ebomte rod b rubbed on wool, little forces (which we do not under 
stand any too wtU) are brought into play which cause electrons to pass from 
the wool to the rod For every million electrons gamed by the rod the wool 
loses a millKn Consequently wbeoever the rod acquires a milhon units of 
negative electnaty the wool having a milljon posDve units unbalanced by the 
electrons it has lost, acquires an equal posnive charge. 

A battery or a dynamo b not a means of creatmg ele cincnv but a device 
whxh separates poBtrre from negative with a resulting pottntul difference 
between its terminals. When a current flows m a circuit, it b nmply a move- 
ment of electrical charges, — sometmjes elec t ro ns only lometimes negative 
ions m one direction, positiTe in the opposite. 

3S. lotdxatiott by CoBlrion. — The ability to ionize a gas or 3 vapor 
through which it b ptismg b an important property of a rapidly moving elec 
tron If moving quickly enough an electron may pass nght through an atom 
leavmg it unharmed if moving very slowly the electron may not have enough 
energy to do any damage but over a wide range of speeds, it will remove elec 
trons from many of the atoms which he in its path As we have seen when 
ever an atom loses an electron it becomes a positive ion Hence the path of 
a fast electron b marked by a trafl of ions.* This production of ions by a 
moving pamde b one of the commonest way* of making a gw conducting 
In the next two chapters wc shall study tha method of lomzabon in greater 
detail ” 

39 Electron Bombardment. — Attention has already been directed to 
the £.« thM interne heet may be dereloped when electrom we luddenly 
ttopped by . target. It a not turpramg. therefore tb»t mjportint efleett m»T 

*See Kcaoa 117 ^ 
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induction coil or any other lource of direct yoltagc. Such an arrangenaent 
constitute* the essential fcaturei of what is sometiraes called an eUctren guru 

The new atom which contains electrons must have a structure far from 
sunple. Since an atom os a whole exhibits no electrical charge it must contain 
enough poative electnaty to neutralixc the negative on the electrons. Whit 
does It look like, and where a the potmre electricity? Can we form a mental 
picture of it? The ans\ver to these questions has not always been the same, but 
for a number of years it has been possible to visualtze a model atom which has 
been extremely fruitful in explaining and interpreting many facts. Tha atom 
consists of a positively charged center or nucUut accounting for almost the whole 
of its mass, together with a number of electrons whose totel negtttve chorge 
exMcUy equals ihe fosstsve charge on tha nuclaus So small are both nucleus 
and electron that if an atom were enlarged to be the size of a balloon 60 feet 
in diameter, the nudeus and each electron would not be much bigger than a 
gram of tond. On this view the atom b a miniature solar s>’stem with the 
electrons rerolvmg about the nudeus much as the planets revolve alxfut the sun 

To distinguish one atom from another two quantities must be known 

(1) the atomte weight or the number proportional to the mass of the atom 

(2) the atomic numher One or two concrete examples should make clear 
the meaning of atomic number There b overwhelmmg endmee that in the 
atom of hydrogen, tiie lightest element, there n but one electron with its xmit 
negative charge moving about the nudeus wnh an equivalent positive charge; 
m helhim the next lightest element, there are two electrons and the nud^ 
has two units of positive electnaty mhthium the third l^htest, there are thr« 
electrons and three positive unit charges on the nudeusj and, to give one other 
example, m the mercury atom, there are eighty dectrons and the nudeus has 
eighty units of positive dectnaty The atomic number n jmt the number of 
unit positive charges earned by the nudeus — which, of coune, a the same 
thing as the number of dectrons u the normal atom. Hydrogen, then, has 
an atomic number of 1 lithium of 2, hcLum of 3 and mercury of 80 In 
modem physics the atamic number a of even greater importance than the 
atomic wnght because the chemical properties of an element depend on the 
number and amuigcment of the electrons surrounding the nudeus, and tha 
depends on the atomic number 

37 Meaning of Ionization, — Since negative dectnoty attracts positive, 
each electron B strongly attracted by the nudeus. Tha electrostatic attraction 
provides the centrqietal force necessary to keep the electron m orbttal mobon 
about the nudeus. If it were not for its motion the dectron would bllmto 
the nuH nr r- By exerting a pull outwards, bowercr, it b poetihie to remove 



CHAPTER V 

POSITIVE RAYS AND ISOTOPES 

41 Nature of Conductivity at Atmospheric Pressure. — In wctjon 
31 It w» pointed out that even with the mott perfect insulation araHablc, an 
electroscope slowly loses its charge It should now be evident that, if a few 
stray ions are at ill tunes present in ordinary air a ready explanation of this 
discharge may be given As a matter of fact, a large number of investigations, 
many of them datmg back to the beginning of this century have shown con 
clusrely that there s no doubt about the presence of such ions. If then an 
btenie electric field ts created between two conductors such as the knobe of 
a simple elec tr os ta ac machine or the secondary terminals of an induction coil, 
these was, bemg charged paxticlei, are acted on by a lug force and very quickly 
acquire a high velocity If the field is mtense enough, the wns have sufficient 
kmetic energy to ionize neutral atoms or molecules against which they collide 
The ions and released electrons resulting from such collisions m their turn ore 
^leeded up by the electric field and very quiddy they too ionize other atoms 
and molecules. In tho way once an electnc field of sufficient intensity has 
been reached lonizatloo mcreases so rapidly that a sudden discharge made evi- 
dent by the crackling spark, takes place. In the case of corona, the field is 
mtense enough to cause a discharge only wnhm a Imuted region near the high 
potential conductor If an earthed conductor should be brought too near 
the corona will of course give way to a spark. 

42, Conductivity at Reduced Preasure, — When even a tolerably 
high voltage a applied to tubes of the hnd illustrtted m Figs. 30 31 and 32 
DO d a c h a r ge passes if the contamed air a at atmosphenc pressure because tho 
field between the electrodes a not suffiaendy mtense to enable the stray lom 
to acquuT suffiaent energy to lonixc the neutral atoms or moleculea with whxh 
they collide. When a partiil vacuum a created, however as we have already 
noted m sccton 32 there a a dacharge m the tube. Because of the greater 
dtttance between mdindual molecules at the lower pressures, an jon now moves 
a greater distance without obstruction and to has a chance to acquire more 
energy before an impact tikes place. A pressure a reached when the energy 
so acquired a suffiaent to enable the Km to lomze on colhcon and there a a 
rapid accumulation of wns. A current panes, positive ions movmg towards 
49 
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be brought about by controlled bombardment of certain matcnali by electron* 
or cathode ray*. In a recent iwae of the Jinnnv of Sctctth^ Insiruments 
(March 1939) an article dciOTbe* the conitniction of on EUctron Tube for 
the Production of Homogcncoui Betmt of Cethodc Roys from one to pfiern 
hlovoUs This tube wai to be used for a quantitab^ ftudy of the effect* of 
electron bombardment on certain snglc-celled organism* ” At the 

time of \vnting the results of such a nudy are not oTaflablc but there a no 
doubt that valuable mformabon will be obtained by »uch expenmenta. 

Much faster electron* have been utilized in certain bombarding experiments, 
m which the cathode ra}**, after passing nght through a thin sheet of metal in 
the w'all of the cathode ray tube emerge into the outside air Tube* of tha 
kind arc sometimes called Lerurd Coohdge In honor of Lcnard, a German 
phyBQSt, and Coolidge the present director of the General Electric Research 
Laboratory nt Schenectady N Y Lenard m the last decade of the nine- 
teenth century, made pwnecr mvcstigadons relaang to the passage of cathode 
rays through metalbc foil Coohdge follou-ed up ha work usmg potential 
differences exceeding a mIDwn volt* to ^cd up the ra)x Coohdge and other 
worker* have *hown that, under the action of these cathode rt)’* outpdc the 
tube yeast, ergosterol and a few other suhsemte* produce vnamin D that 
new ipeaes ma) be ongmated in plant* and m animals; that change* in color 
may be brought about in glass and other suhsuoces; and that it s possble to 
dti^guish natural from ardfioal aapphux: by the difference in thar inponie 
to the ray*. 

40 Origin of Roentgen Rays. — For the radiologist probably the most 
important u*e of cathode ray* b to generate roentgen or x rays. When 
ca^ode ray* or high ^>eed electron* are suddenly itopped by impinging again*t 
a hard metal target, the spot *truck by the beam b the source of the mvHible 
light called i ray*. Detaila concerning tube* u*ed for thi* purpose a* well 
a* concerning the properbe* of fuch tube* will be given in Chapter VI Be- 
fore domg BO, It M deairahle to coouder further detaila concerning the passage 
of electnaty through a rarefied gt*. 
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(2) It a much more difficult to deflect canal rtyi, stronger clectnc and 
magnetic field* being neccasaiy to do so As a matter of fact, Goldstein tned 
unsuccessfully to deflect them with a magnetic field The reason for the dif 
ficulty m dcflectmg the ray* b due to the much heayicr mass of an ion than 
that of a cathode ray because as v?c pointed out when dealing with the deflec 
don of cathode rays, the heavier a paroclc a, the harder it b to push it out of 
its path 

(3) Measurementa of the same land as are used m cathode-ray deflection 
tubes show that canal rays are of atomic sixc, but that their masses arc not 
always the same. If the gas m the discharge tube is changed the masses of 
the canal or posidrc rays are altered also Agam this a to be expected once 
we rcabxe that poadve rays originate in the positive ions m the dacharge tube 



Fiq. 40. A uopk tnbe for die analrd* of a beam of poduve nyi. 


If a tube contami hydrogen then lonixed atoms of hydrogen will pass through 
the hole or hole* in the cathode if oxygen, then oxygen atom-ions 5 and if 
there is a mixture of these two gaaes, m the canal ray beam there will be both 
oxygen and hydrogen xins. 
f 

44 Chemical Analysis byThaitive Raya. — If a posmvc rar beam 
containing a mixture of wns of different masse* passe* through an clectnc and 
a magnetic field, Jt will be sorted out into its components. This a the pnn 
Qple of the pofitrre ray method of chemical analyo* whxJi was first used by 
J J Thomson with such remarkable consequence* that it b neceasary to under 
stand It clearly In the method originally used by Tbomson a tube was buflt 
somewhat as shown in Fig 40 The ray* pa« through a fine tunnel in the 
cathode C and on emergence travel acro» a lughly evacuated regwn until they 
strike a screen S (or a photographic plate) at the end of the tube. When 
the screen 1 * coated with certain materials there 1 * a fluorescent spot of light 
at the place P struck by the rays or if a photographic plate b used the rays 
affect tt much as hght does, and on development an image of the spot b 
obtained. In Fig 41 an onguial photograph taken by Thomson the epot 
St the lower center was caused by such a narrow beam of undeflected rays. 

If however the beam passes between the dectnfied plate* and X’, that 
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the cathode, negatiTc wns and electrons towards the anode If s itreara of 
cathode rays is wanted, the vacuum is made so good that the Jfberated electrons, 
largely formed In the neighborhood of the cathode, move the full length of 
the tube with little obstruction Figure 38 Is an attempt to depict the state 
of affairs at somewhat higher pressures, when the tube ts filled with light, as 



Fio. 3S. la I tube conndn!im « little gu «t not tm lov a prea su re nuiuauu s 
potidTe aod negaOTe lom more in opposite dk ec i io na . 

In an clectiK neon sign At tha stage there are numerous posidve and nega 
tire Kim, 


43 Positive Rays. — The existence of a stream of positive wns may be 
iho%vn very beautifully by using a tube in which holes are made in the cathode, 
not the anode, somewhat as shown in Fig 39 At tiutable pressure*, in B 
the portion of the tube beyond the cathode, a narrow beam of bght t$ seen as 

a continuation of each bole in the 
^ xtwx' >j(i««tffK cathode, an observation made m 

1886 by the German saentm Gold 
stein At that date, it must be re- 
^ r 0 membered, neither electron* nor 

j ion* bad been discovered, and G<Jd- 

„ ^ . , , n , , , •tein not knowing the true nature 

Fio 39 A cmil rmr tube. Poddre ions , . i_ i i i 

p«i thrash thapCTferidon* In tbe cathode of the ray* passuig through the bole* 
and, it mltihlc proeura, giro riee to m the cathode appropnatcly called 
colctred finel rey etreemeii. , , t ^ 

them c^nMi rays. It remained for 

another German Wien, m 1898 to abow that canal rays, if made to travel 
through either an electnc or a magnetic field, were deflected to one ade, just 
like cathode rays, and » were electrified particle*. There are three very 
important differences, however, between canal and cathode ray*. 

(1) The direction of the dcflectfcm of canal rays m a tube like the one shown 
m Fig 40 where a narrow beam passes between the electrified plates, and 
Kty B toWMrds the negative piate, not away from it ts m the case of cathode 
ray*. Canal rays, therefore, must be poamvely charged. Tha, of course, a 
just what one eboold expect, for they are nothmg but the stream of poafaiTe 
which come up to the cathode and pas* through fti perforation In 
fact, J J Thomaon, the famous English physoft who was one of the pioneer 
workers with these rays, changed thar name to poaitiTc TXjrt, 
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(2) It u much more difficult to deflect canxl raj^ stronger electnc and 
nugnetjc fields bong necessary to do so As a matter of fact, Goldstem tried 
unsuccessfully to deflect them with a magnetic field The reason for the dtf 
ficulty in deflecting the rays is due to the much heavier mas of an wn than 
that of a cathode ray because as we pointed out when dealmg with the deflec- 
tion of cathode rays, the heavier a particle the harder it a to push it out of 
Its path. 

(3) Measurements of the same land as are used m cathode-ray deflection 
tub« show that canal rays are of atomic ttre but that thar masses are not 
always the same* If the gas m the discharge tube ig changed the masses of 
the canal or positive rays are altered also- Again this » to be expected once 
we realize that posrtrrc rays ongmate m the posmvt ions m the discharge tube. 



Fio. 40. A nmpk tube Sv the enalyiii d a betia of poetiTe raya. 


If a tube contains hydrogen, then lonaed atoms of bjdrogcn will pass through 
the hole or hole* in the cathode if oxygen then oxygen atom ions and if 
there ti a mixture of these two gases, m the canal ray beam there wiH be both 
oxygen and hydrogen ion*. 
f' 

44 Chemical Analyris byThritive Raya. — If a pontiTe ray beam 
contaimng a mixture of ions of different masses passe* throu^ an electnc and 
a magnetic field it wiH be sorted out mto ita components. This is the pnn 
c3fJe of the positive ray method of chemical analyw which was first us^ by 

J J Thomson with such remarkable consequences that it B necessary to under 

stand It clearly In the method ongmally used by Thomson a tube was built 
somewhat as shown in Fig 40 TTie ray* pass through a fine tunnel m the 
cathode C and on emergence travel across a highly evacuated region untfl they 
ftnlcc a screen S (or a photographic plate) at the end of the tube When 
the screen a coated with certain materials there a a fluorescent spot of light 
at the place P struck by the rays, or if a photographic plate » used the ray* 
affect It much as bght doe*, and on devdopment an image of the a 
obtained In Fig 41 an ongmal photograph taken by Thomson the spot 
at the lower center was caused by such a narrow beam of undefiected r^ 

If however the beam passes between the electrified pUtc* Ki and that 


52 


POSITIVE RAYS AND ISOTOPES 


», through on cicctnc fieldi and at the same time betu-een the poles of a 
magnet, there m a sorting out of the rap or Jons. When the fields are so 
arranged that one pushes the particles vcrlwallf, the other horTrontalJ^, then 
all partKles of the same mass and same electnc charge, regardless of thor 
speed, striTec the screen nr the photographic plate along a curred line. It h 
much the same os if bullets of dilTcrent sizes were emitted by a machine gtm 
and on their way to a target were acted on by two forces, one pushing them 
edewap the other up or down \Vrth such an 
j- 2 arrangement oil the bullets of one size would hrt the 
■ target along one line of another size along a different 
line, and so on If a posmve ray beam contains 
singly charged atoms of h)drogtn of o:i 7 gen and of 
nitrogen there « a curred line on the plate correspond 
mg to each kind of atom In Fig 4 1 the beam which 
^ras analyzed m this wa) has girtn nse to four or fire 
such curred lines, the line marked 1 arising from 
singly charged h)'drogtn atoms, that roarted 2 from 
singly charged hydrogen moleciJes, winch have 
double the mass since a molecule of h}‘drogen contams 
two atoms. 

This method of ana]}-sis has many adrantagt*. 
Only an eatreinel} »ma11 oroount of a substance is 
necessary to have its presence revealed In this 
The method is even more lenntire than the ye ctr o- 
•cope In detecting an clement. It may rercal the exmence of temporary 
unstable groups of atoms which change into something else after the discharge 
is orer Moreover on a nngle photograph a record is left of all the materials 
which take part in the decharge. A beautiful example of such a reasrd taken 
by Harm*n a German aoenmt, with an improved form of Thomson ap- 
paratus and reproduced through the tmdneas of Julius Springer puhlaber of 
Z*ttsckrrfi fHr PhjnJk is shown m Fig 42 

It win be noted that opposite each line on this photograph a number » 
printed. These numbers give the ina»es of the correspondmg particles on the 
usual atomic waght scale and it b hoped that they will emphasize the biggest 
of all the advantages of posrtire ray analysa — the accurate comparison of 
atomic waghts. For this purpose the relatire doplicementi of different line* 
on the plate must be measured. Thu could be done with fair accuracy on 
Thomson s ongmal currea, and, indeed, m bis hands gave remarkable results, 
but an improvement m his apparatus was necessary for the exac t measurements 
which modem science demands. Realmng tha. Dr F W Aston, ongmaHy 
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a coDiborator of Thomion designed new arrangements which gave greater 
and greater accuracy and led to results of tuffiaent importance to wm for hnn 
a Nobel pnre During recent years ho work supplemented by others, but 
notably by Bainbndge and by Dempster m the Umted States has been one 
of the most important lines of uwestigation m experimental physics. 

In the forms of apparatus used by the modem eapenmenters the sortmg out 
of the ions depends, as m the original arrangement, on a smtable combination 



of electric and magnetic deflecting fields, and the details of construction need 
not concern us. In the final photograph howerer we must note one differ 
cnee Short straight lines replace ^e long curves of the Thomson method, 
A typical photograph B shown m Fig 43 


MTttlD 


Fia 43. PodtrrcIUj- Analynj — Modena Mjua Spectnnn, 
^io«iQg laotofKa ofcadiidais. 


Studoiu toiliu- with photogiaplu of ophaj ipoctni will note the mnihntf 
(See lectjon 88 ) Ju« M > hemn conttuimg a muture of different hnda of 
light on pajsng through a pram is spread out into a spectnim showing aB its 
components, so the beam of posmre rays by this method s separated mto lO 
CDUitituents. It u not surprising that the apparatui used m the analysis B 
esUed a man ijaetrogra^h, and the photograph, m which each line corre- 
gionds to an ion of a definite mais, a man rftclrum. By measuring the seo. 
ration of the Imes along such a spectrum an accurate comparison of maM 
»nd hence of atomic weights, may be 
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45 Iflotopcs — An analysa bjr Thomson m 1912 of the contents of a 
dttchirge tube containing imall quantities of the rare gas neon, led to a yety 
Important discovery This gas, it will he rtcsDcd, \m an atomic weighl of 
20J2 Now on hts plates Thomson obtained not only a curve correspondmg 
to an atomic weight of 20, hut oUo one corresponding to atomic weight 22. 
Although there was no known element with the latter atomic weight, the evi- 
dence suggested that neon was responsible for both lines In 1919, Aston, 
who had resumed ho work after the Great War, showed that there was no 
doubt about tho conclusion The eUmmt neon ivat a rmxture of ttw grmtfs 
of etoms, one of atomic tun^ht 20, the other of «/omi£ weight 22, mixed m 
such frofortiom that thej gave the value of 20^ determined bj chermcel 
means 

It win be recalled that according to Dalton's Atomic Theory the atoms of 
an element are tdenncal Here was unmistakable evidence that an crduuiy 
element might have two bnds of atoms, of different atomic weights, but with 
the same chemical properties. As a matter of fact it was east to accept tho 
conclusmn because previous invesngabons had sho\'m that m unstable radio- 
active elements, the same phenomena occurred. In the field of radio- 
activity, which wdl be dtscimed m Chapter XIII locntists had become familBr 
with groups of two or more elements whose atoms have the same number of 
electrons and identical chemical properties, but different masses. Indeed, in 
1913 Soddy one of the psoneer workers in radioactinty, had coined the name 
tsotofe to designate each member of such a group. The Thomson A s ton 
discovery wu none the leas of extr e m e importance because it showed that 
isotopes could exist m ordinary, that », noniadioactJTc elements. 

Wth improved forms of mass spe ctr o g raphs, it soon became evident that 
Botopes were the rule, not the exception as a glance at Table XXXI at the 
end of the book, will show In the element tin for example whose atomic 
waght B usually given as 11 8 7 there are no less than ten aotopcs, with masses 
rangmg from 112 to 124 Although these masses are different, the atomie 
number thei u the number of umf fosttroe ehergas on the nucleus or the 
number of surroundmg deetrons m each u exectly the same nemeiy SO 
Since the chenucal properoes depend on tha extra nuclear structure the iso- 
topes cannot be separated chemically Each Botope belongs to the element 
tm. It B, therefore, not the mass of an atom which tells you its name, but 
Its atomic number The datingutthing label of tin b its atomic number 50 1 
of silver its atomx number 47 of sodium its atomic number 1 1 j of merenry 
Its atomic number 80 j and so on We may even bare different elements with 
itoms of the same mam. For ex a m ple, the metallic element calcmm with 
atomic number 20 has an aotope of mam number 40 and so has the gaseous 
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element argon of atomic number 1 8 Elements with the same mm number 
but different atomic numbers are called Ejohon. 

By a number of methcxls rt a now posaibie to separate out usable amounts 
of the mdiTidual isotopes of a few elements. 

Determination of Atomic Weights by Physical Method. — 

If neon has two groups of atoms of mass numbers 20 and 22 * what, it may be 

IS the atomic weight of this element? Can this result be reconciled 
with the atomic weight of 20 2 determined by chemical means? In chemical 
reactions the groups of aotopic atoms are not separated and the atomic weight 
deterrmned chemically a an aTerage value based on combining weights. To 
obtain the same average value from mass spectrograph data we must know 
the relaove amounts of each tsott^ Thu information is readfly obtained 
from the degree of blackening of the mass spectrum lines on the photographic 
plate, because the larger the number of ions which strike the plate the blacker or 
the denser the image Neon photographs, for example show that the 20 com 
ponent b nine cemes more dense than the 22 It a just a matter of simple 
arithmetic to show that the average atomic weight b 20 2 

47 Discovery of DeuterluitL — The mass spectrograph therefore, has 
provided a method of obtaining atomic weights fntjrely mdeftndent of th* old 
fstsl&hed ch*fmc^ m*ant If both methods are reliable values obtained by 
the two methods should agree. In 1929 the agreement was remarkable, the 
difference between corresponding values being only about I part m 10 000 
In that year however it was shown that oxygen which hitherto bad been 
considered an element with only one isotope, of mass 16 had aotopes 17 and 
18 present m small quontrees. Tlw meant that if the whole system of atomic 
weights 13 baaed on the assignment of 16 000 to the mam laotope of oxygen, 
the average atomic weight of oxygen (the value based on all its isotopes) a 
slightly greater than 16 000 or conversely if the chcrmcal dturmtjuthons of 
atomic weights are continued to be given m terms of 1 6 000 for oxy gen then 
the values for all other elements should be slightly le« than those determmed 
by the mass spectrograph method. The correction to be made b slight, but 
It was enough to mdraite a disagreement between the atomic weights of hydro- 
gen as detenmned by the two methods, which was just greater than poaWe 
experimental errors. Birge and Menzel, American physcuts, suggested that 
the lack of agreement might be due to an undetected isotope of hydrogen of 
mass number 2 Urey Bnckwcdde, jjid Murphy American saentisti also 
set out to look for such an i»topc ^ctroicopically and fn 1932 announced 

*Tb« MCTiratt renJa ibow that there fa a faint third cranpooent of maw 21 
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45 Isotopes. — An ana!)'jrt b) Thomson in 1912 of the contents of a 
discharge tube containing small quantities of the rare gas neon, led to a Tery 
important discovery Tha gas, it will be recalled, has an atomic weight of 
20 2 Now on ha plates Thomson obtained not only a curve corresponding 
to an atomic weight of 20, but also one corresponding to atomic weight 22. 
Although there was no known clement with the latter atomic weight the evi- 
dence suggested that neon ^^tis rc^nsiblc for both lines- In 1919, Aston, 
who had resumed his work after the Great War, showed that there was no 
doubt about this conclusion Tht fUmrnt won xuai a mtxiurc of two groups 
of atomSy ow of afomte Wfighi 20 thr other of atomte xvetght 22, rmxei m 
such frofortiom that they gave the value of 202 determined hy ehemuel 
means 

It will be recalled that according to Dalton’s Atomic Theory the atoms of 
an element are identical Here was unmistakable evidence that an ordinary 
element might have two kmdi of atoms, of different atomic weights, but with 
the same chemical properties. As a matter of fact it wtu ea^ to accept this 
conclusun because previous investigations had shown that m unstable radx>* 
active elements, the same phenomena occurred In the field of radio- 
actiVTty which ivill be dtscueed in Chapter Xm, saenttts had become famibar 
with groups of two or more elements whose atoms have the same number of 
electrons and identical chetmcnl properties, but different masses. Indeed, m 
1913 Soddy one of the pioneer workers m raiboactintj’ had coined the name 
uotofe to designate each member of such a group. The Thomson Aston 
dtscorcry was none the less of ex tr e m e importance because it showed that 
Botopes could cast m ordinary ^ thatu^ nonradioachre elements. 

Wth improved forms of mass spectrographs, it soon became evident that 
isotopes were the rule not the cjcteption as a glance at Table XXXI at the 
end of the book, will ihow In the element tin, for example, whose atom*: 
weight B usually given as 1 1 8 7, there are no less than ten isotopes, with masses 
ranging from 1 12 to 124 Although these masses are different, the etorme 
number thei ir the number of unit foateve charges on the nucleus or the 
number of swroundmg eiectrons tn each ts exactly the same namely 50 
Since the chemical properties depend on Uus extra nuclear structure the Bo- 
topcs cannot be seforated chemically Each BOtope belongs to the clement 
tin. It B, therefore, not the mass of an atom which tells you its name, but 
Its atomic number TTic thttuigmshnig label of tin b its atomic number 50 
of silver Its atomK number 47 of sodium its atomic number 1 1 of mercury 
Its atomic number 8 0 1 and so on We may even hare different elements with 
of the same mass. For example, the mctaHic element calaum with 
atomic number 20 has an isotope of mass number 40 and so has the gaseous 
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mdsiurments of the dapltccrotrit of the isotopic line* on a mass spectrum plate 
may be made to a high degree of accuracy The results of such measuremcnti 
show that m all cases, masses of isotopes arc vtry ruarly whole humbera. The 
few Talucs given m Table V will illustrate the point. 


Ta*li V — A rtw ixACT TAiou or uoTono UAttts IX TtaHJ or orrou 16 ■■ 16 0000 


Element 

Klsaa Ntmber 

blui 

Hydrogen 

1 

1 0061 

Daitemim 

2 

2 0147 

HeEum 

4 , 

4 0040 

UtUom 

6 

6 0170 

Lithimri 

7 

7 0182 

BcrylEum 

8 

8 0030 

Boron , 

10 

10 0160 

Boron 

11 

11 0128 

Carbon 

12 

12 004 

Nitrogen 

14 

14 0075 

Oiygea 

16 

16 0000 

Neoo 1 

2D 

19 9986 

alnmimiTW 

27 

26 9509 

Aigoa 

40 

39 9754 


Witt the discovery of the nearly whole number rule ” for ah isotopes, it 
was mevitahle that the hydrogen atom or more accurately its nucleus caheH 
the froton should be considered as an ultimate unit in the building of more 
complex atoms. At any rate senous attention was given the theory that the 
nuclei of all atoms, in some way are made of protons, with their pQu tj re 
charges, and negatively charged electroni. As we shall sec later tlm new 
is not now held although the proton still remains as one of the fundamental 
partxJes m the formation of nuclei. Before conadenng further questoos 
relating to the structure of matter it is desirable now to return to a detailed 
dacusswn of roentgen rays. 
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the dtjcoTcry of heavy hydrogen or dntteAum (symbol D) of man number 2, 
In a tank of ordinary hydrogen there Is only one part of the heavy variety to 
wveral thoxoands of the light, but after the onginal discovery of deutenum 
means were soon found of increasing Its concentration, and eventually of 
completely isolating it. 

Had It been just another new isotope, there would have been nothing very 
startling about the discovery of deutenum As it was, rt created a stir in scien- 
tific orcles the world over, and m a very short time gave nse to a wealth of 
researches in chemical and physical laboratories. The reason is not far to 
seek In so far as the posave charge on the nucleus and the number of extra- 
nuclear electrons are concerned, two ootopic atoms are exact twins and cannot 
be dutmguished by any differences In properties which depend on these facton. 
If the ratio of the nuclear masses a nearly unity, as in chJonne vnth its aotopci 
35 and 37, it ti onlj by refined means that very slight differences depending 
on tha change of mass can be detected When however, the maces differ 
as much as they do m the two isotopes of hydrogen that is, m the ratio of 
1 to 2, differences in their properties arc easy to detect In both physcs 
and eh et na tr y therefore, the discovery of heavy h)*drogen was foDowed 
by hundreds of mvesOgabaas, aQ seekmg to find out differences m the 
properties of all sorts of compounds when ordinary hydrogen » replaced by 
deirterfum. 

Outitandmg among these researches were those dealing with heavy water 
the compound formed when dcxrtenum urutei with oxygen to form DfO 
You cannot dotinguah the two kinds of water by loobng at samples of each 
but there are deeded differences In their propcrtits. For example, common 
wat e r freezes at 32®F and boils at 2I2®F., whereas the correspondmg tern 
peratures for heavy water are 38 8®F and 214 5 F Agam the vapor pres- 
sure of HtO at 212°F B 760 mm Hg but that of DjO at the same tem- 
perature IS only 721 6 mm 

48, The Proton. — We have seen that the sorting out of ptwove rays 
has led to a physical method of determining atomic weights, to the dBCOveiy 
of the existence of isotopes m general and of heavy hydrogen in partictilar 
Of even greater importance for the development of physics b the use of the 
miw sp e ctro graph for the accurate measorement of the masses of all isotopes, 
m terms of the number 16 0000 asngned to the mam isotope of oxygen. 
Hitherto we have been uamg whole numbers, — the so-called mMU mtmhtn 
35 and 37 for chlorine, 1 and 2 for hydrogen 20 and 22 for neon 16 17 
and 1 8 for oxygen — as the values of atomic masses, without any eipbat ref 
ercnce to their exact values. Now with the improved modem mstromcnti. 
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racMurcmcnts of the daplaccment of the Botopic Imes on a maw ipectrum plate 
maf be made to a high degree of accuracy The reaults of fucJi meaiurementa 
»how that m all cases, masses of isotopes arc twrf tiearly whole numben. The 
few values given m Table V will illustrate the point. 


Tasli V — A raw EXACT TALori or uoTonc masses nr Tsaxt or oxtoe* 16 - 16 OOOO 


Elemcat 

Mass Number 

Msis 

Hydro^n 

DCTtcntim 

1 

2 

1 

2 

0081 

0147 

Hdmia 

4 

4 

0040 

Uthiuiti 

6 

6 

0170 

IJ tin tun 

7 

7 

0182 

Bcrylljian 

8 

R 

0080 

Boron 

10 

10 

0160 

Boroa 

u 

11 

0128 

CArboo 

12 

12 

004 

Nltre^jw 

14 

14 

0075 

Orygto 

16 

16 

0000 

Neon 

20 

19 

9986 

Alanuaan 

27 

26 

9909 

Aigon 

40 

39 

9764 


With the dscoTcry of the nearly whole number rule for all isotopes, rt 
vras ineTitaWe that the hydrogen atom or more accurately its nucleus called 
the freton should be considered as an ultimate unit in the bidding of more 
complex atoms. At any rate senous attention was given the theory that the 
nuclei of all atoms, in some way arc made of protons, with their positive 
charges, and ncgaorely charged electrons. As we shall see later this new 
IS not now held although the proton still remains as one of the fundamental 
particles in the formation of nuclei Before considering further cjuestioas 
rtlatmg to the structure of matter it is desiratJe now to return to a detailed 
dacussion of roentgen rays. 




CHAPTER VI 

ROENTGEN TUBES 


49 Two Types of Tubes. - — At the end of Chapter IV ft wai pointed 
out that X raj** onginate when a beam of fast moTing clectrom a luddenl/ 
stopped on striking a target of hard meta] To obtain a fwtaMe beam of 
electrons t^co unportant methods have been used with Urt) corresponding t}pcs 
of X ray tube*. In the first tjpe, the gas tube, a residual vacuum is left at 
such a pressure that a well-developed beam of cathode rays a projected from 
the cathode, whOc at the same time ponovc ions move toward this electrode 
In the second type, the hot filament tube, electrons are emitted from ■ heated 
filament winch also funcooni as the cathode of the tube In tha type the 



vacuum must be so good that there a no cumultUTc Jonixation by coIbiKm 
(section 38) or m other words, so that there a no appreciable electron flow 
aramg from tha cause. 

50 The Gas Tube. — Although it would be difficult to find a modem 
radiology center where gas tubes are now in actual use,* a bnef reference will 
be made to tha type m order to illuitratc certain hatic principles. The main 
features are illustrated m Fig 44 where C a the cathode, imh face concave 

• Special gu tube* toch a* ooe dedpjed by MoeUer are ttlll n»ed, pamcnlaily la coo- 
nectwQ whh % ray ipectroerapba. 
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or cup-th*ped so that the cathode rays are brought to a focuj on the face of 
the target From the foctl sfot x rays spread out m all directiom, passing 
through the whole half of the henusphere in front of the plane MFM\ Here 
It may be noted that when the current through a gas tube is m the right direc 
twn the portion of the bulb m front of the plane MFMi o usuaDy strongly 
fluorescent, bang separated from the remamder by a sharp line of demarcation 
The target T forms the end of a long metal arm A the anacathode which 
by means of the connectmg wire IF ts m electrical contact with N the anode, 
TTic anode N lies withm a short side arm of the tube, and does not project 
into the mam body of the tube V n another nde tube which carries a third 
electrode E and b added for the purpose of regulating the gas pressure m the 
bulb. P represents a rubber op coTcnng the place at which the tube was 
sealed off from the exhaust pump after the initial exhaustion had been com 
plettd- 

51 Regulation of Current in Gas Tube. — It wiQ be seen later that 
the nature of the beam of x rays learmg a tube depends both on the emrent, 
that II, the millianipcnge and on the Toltage across ns terminals. An opera 
tor therefore, must be able to control both the current and the voltage Now 
if the pressure of the residual gas remains constant, the higher the voltage 
applied to a tube the greater the current through m There are how 
ever where an operator may wish to change to a higher voltage wrthout alter 
mg the mffhamperage, or possibly with even a smaller milliamperage How 
can this be done? To understand the answer to that question it b necessary 
to remember that the voltage required to mamtam a given current through 
an ordinary vacuum tube vanes with the pressure of the contamed gas. (S« 
section 32 ) If therefore, by any means the gas pre»ure m any x my bulb 
B altered a different voltage will bo required to pass the same current through 
It. If the vacuum u lowered (pressure increased) the resistance of the tube 
decreases or it becomes softer If the vacuum a raised, the tube runs 
“ harder ” that b, the resatance mercaaes. A soft tube, therefore a more 
conductmg than a hard one * Putting rt in another way, a higher voluge 
IS necessary to mamtam a certain piiThamperage through a tube when rt b 
hard than when it a soft. For a given tube some regulation of the degree 
of vacuum may be obtimed by the use of vacuum regiilators. Because g*s 
tubes are almost obsolete m x ray practice, dttaiU about such regulators arc 
although it may not be amas to point out that, by usmg the third 
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electrode £‘, Fig +4, to pass a momentaiy current through the $idc irm V, 
•mall amount! of g« maj’ be released from material packed in tha arm and 
the pressure increased accordingly 

52. Blackening of Tubes, — With ga* tubes, tha slight increase m 
prc»ure a necessary, because \vrth continued operation they arc found to run 
harder, that a the vacuum improves. The same unproTment m vacuum 
occurs when a gas tube has been standing idfc for some trine Tha gradual 
hardening b due largely to the absorption or adsorption of tome of the residual 
gas by the walls and the electrodes of the tube The adsorption o increased 
by the presence of a black mctallK: deposit which gradually forms on the inner 
Walls of the tube — a deposit somewhat cmtlor to that wHkK ma) be observed 
on the walls of an old dear glass * tungsten filament lamp Besides m- 
creasmg the rate at which the residual gas a adsorbed, the presence of blacken 
ing a objectionable, because it increases the resistance of the tube, ft makes 
possible aparkmg along ns walls, and it mcreases the danger of puncture. 


Taiu VI 


Metsl 

Atonue 

^oght 

K 

Norn* 

ber 

Nlddog 

Pdot 

Tbtnna 

Coe. 

dueiWty 



Plidmim 

195 3 

T8 

I75irc 

0 17 



Indhioi 

195 1 

77 

2290*a 

0 17 

03/ 



190 9 

76 

27D(rC 

0 17 

03 


Tcruweo 

m 

74 

VKxrc. 

0 35 



Tantalom 

161 5 

73 

2900^ 

0 12 

04 


Meljbdeoaxa 

96 

42 

25oo^::. 


07 



63 6 

29 

10$4*C. 

0 92 

09 


Nickel 

58 7 

28 

i4$crc 

0 14 

10 



Blackening is the result of two causes ( J ) the eraporarion of hot znecals, 
ijid (2) a cathodic disintegration known as rputUnng Sputtering conSBti 
of the ejection of metallic partidei from the cathode These parodes, it a 
to be noted, arc tiny pieces of metal and must not be confused with dectroni. 
In a good tube therefore, blackening » minimized fay chooemg a metal for 
the cathode which eipertment has shown sputters a mlrum mn amount 
(aluminum for example) and by fceepmg the metal parts, particnlarly the 
target, as cool as pasBUe, m order to prevent vaponzatjon We have already 
pointed out ih«t a beam of cathode rays represents a condderahle amount of 
energy and that at the focal spot where this energy a concentrated, enough 
heat may be derdoped to make a small hole m the face of the target. More 
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over :f the metal does not actually melt it may easily become so hot that 
marked vaporization take* place Evidently it is desirable to choose for use 
as target a metal with a high melting point and to adopt some mean* of keep- 
ing It cool 

In tha connection the mformaoon given in Table VI is of interest It 
win be noted that platmum which m the pioneer daji of roentgenology was 
the metal used to the greatest extent as target, b by no means the most 
satisfactory Compare it with tungsten for example Its melting point, 
1750®C B little more than half that of tungsten 3300 C Moreover 
platmum B one of the metals which sputten rcadOj whereas tungsten sputters 
but little For this reason should any mverse current be present m the case 
of a platmum target tube, blackening would soon be pronounced (During 
mverse the anticathode will act as cathode ) Tungsten therefore gradually 
replaced platinum partly perhaps largely because of the research work of 
the General Electric Company Schencoady on the production of wrought 
tungsten 

S3 Methods of Cooling a Target. — - To keep the target cool use b 
made of several fimple physical pnnaples. In many gas tubes, the target at 
one mne was just a button ** of tungsten set m the end of a roassavt piece 
of copper which served as a connecting conductor between the target and 
the external electrode Now copper it will be noted by a glance at Table VI, 
has both a high thermal conductivity and a high ipea£c heat, and hence for 
both reasons, the temperature roes slowly 

Additional coolmg is often brought about by attachmg to the end of the 
anocathodc (or anode) outsde the tube sheets of metal which because of 
their large surface are good radiators of heat (Sec Fig 59 and Fig 65 ) 
Coohng s also often accomplished by the use of water-cooled targets, a very 
effiaent method because arculatmg water contmuously cames away the heat 
developed Even if the water is not renewed by inlet and outlet pipes, its 
temperature cannot nse above 100 C hence as long as there b water m the 
water cooler attached to the anode (see Fig 66 and Fig 67) high tempera 
turcs are not possible Still another method consists m the use of an anode 
so maanve that a large amount of heat a neceswry to mcreasc its temperature 
an appreciable amount (See Fig 68 ) As most of the* coolmg devices 
arc employed m hot filament tubes, further reference to them will be postponed 
unt3 this type of tube b under dBcusswit. 


54 Thenniomc EmiMlon. — It h« Jr«dy b«n nottd tlutt m mzn, 
hot fiUment tuba the 7,011111, a ne.riy a perfect u modern mew. of eiluia- 
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t»n am mike it. So high u the vacuum that if an ittempt fa nude to uw 
one as a ga* tube, no current passes even with a rtry high vdltagt acrcw the 
tube How, then, does rt operate? To answer that question, it » necetnry 
to explain m greater detail the subject of thenmonic emission of electrons, to 
which a bnef reference was made m section 36 Tim can best be done hy 
reference to one or two simple expenmenu. Figure 45 represents a highly 
exhausted glass bulb provided with three electrodes or termmali, 3 joined to an 
inner sheet of metal P which we shall call the plate \ 1 and 2 to the ends of a 
filament F of fihe wire tungsten for example Terminals 1 and 2 are con 
nected to a storage battery by means of which current ma y flow through the 



filament and heat it to incandescence. A second circuit mclading a gal 
vanometer G or a milliamraeter is made by joining the 1 10 D C. tci mtn ala 
// and 5 to 1 *nd 3 as illustrated in the figure. A deflection of G wilJ then 
mdicatc a current flowing around the oremt ^ to G to 3 to plate to fi l a m ent to 
1 to 5 If there any such current? We datinguah two casea. (1) With 
filament cold, that a, key open it » found that, no matter what the polanty 
of A and B ts, no c ur rent a indicated by G (2) With the fi l a m ent m 
candescent (key closed) however if 5 8 negatrve, a marked current » 
mdicatcd whereas if B b positive, no current passes. 

Evidently therefore, a current passes through such a tube when the filament 
a hot and when it a negative. Now what u the ei^danation? It b found 
in the fact that any hot piece of metal b a source of electrons. At the surface 
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of mctak x procco •omcwhat akm to cTaporatJon goe* on as * result of which, 
at high temperatures, there is a copwus emisswn of electrons known os a 
tharmtcmc munon In the above tube therefore, the hot filament b'berates 
electrons if the filament is negative, and the plate posiOve nnce negative 
repcb and pofibve attracts negative electnaty these dectrons are dnvcn across 
the vacuum space There b, therefore a current of clectnaty which In this 
consists of a stream of ncgativelf charged electrons. If the filament is 
postjve, however because of the attractioD of positive for negatiTC the elec 
trons cannot eacape from the filament and no such current exBtt. 

It B well to note that, although the electrons move from the filament to 
the posnvc plate, the direction of the current b from plate to filament TliB 
a b^ute of the convention that current direction a that m which pxjirtive 
electnaty moves. NcgiOTC electrons coming out of a conductor a eqinralent 
to posrtiTe electnaty flowing into it 

55 Hot Filament RccdficrB. — It ihould now be evident that if the 
supply voltage a 110 alumxhng a stream of electrons will cross the tube 
only dunng the half-cycle when the filament a negative. In other words, 
on mtermittent but unidnTctwnal current flows m the Qrani containing G 
although an alternating voltage a applied. A tube of this oort, frequently 
called a JxkU therefore, ts an excellent rectifier and has many practical 
applications. For example in high tension arcmta, rectifying values embody 
\ng tha pnaaple have practically replaced the mtchanical rectifier discussed 
in section 19 In the new ch^ter details concerning this method will be 
given 

56. Hot Filament X Ray Tube. — Dr W D Coohdge, of the Gen 
cral Electnc Research Laboratory was the first soentist to cnrmruct on 
X ray tube of the hot filament type. A tube of tha fcmd differs from the 
gas tube, not because x rays ongmate m any different mafmer but because 
the stream of high speed electrons has its ongm m an incandescent filament. 
Although there are many varieties of hot filament tubes, certain fundamental 
principles arc utHiied m nearly all of them and these the student should 
dearly imdcrstand. 

To begui with, we cannot do better than examine the construction and 
operation of the Umvtisal Coolidgc tube one so satafactory that, after many 
years of service, rt a still on the market m only slightly altered form Figuie 
46 a an actual photograph. Tha like almost any other cotaao Men- 
tally of a filament F Fig +7 which acts also as the cathode and the anode 
ji To heat the filament, an independent dram, called the fiUmtnt ctremt^ 
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b nccecary In the original arrangement a storage batteiy Bi and B, was 
used as the source of supply for the orexat In the arrangement £n actual 
use, as shown in Fig 48, a branch from the A C mains supplies a pniTI f ;i> 
ment step-down transformer, the secondary of which » connected m tenes 



OBvrrf aiMVltX^VT Cwfttwam 

Fm. 46. The CooCdge Uurcml Hot FBameat '^-rar Tube. 


with the filament. While this arrangement b more convenient it has one 
dBadrantage. Voltage fluctuations on the line will cause corre sp onding 
fluctuations m the filament and consequently as we shall see later, alter the 
mlllAmpefage through the tube, 

To give the necessary high speed to the liberated electrons the high tenswn 
Toltige s applied to tha tube m the xmial way, the hot filament beings of 



Fici, 47 Saiile cenaectiaoi when fiUmeot of « hot fil a m e n t x-nj tube U 
br roeaia of ■ nsnse batterr 

course, negative. Since the whole filament arcurt b raised to the high poten 
tal of the cathode, it a necessary to insulate the storage battery (or the 
filament transformer) The complete carcurt, therefore, mdudes (1) the 
high arctnt, (2) the filament circuit. In Fig 49 connectioni 
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for the complete »rr»ngcment with mechanical rectifier (minus the fjm 
chrooous motor arcuh) are shown (Jn the next chapter diagrams of arcuiti 
usng rectifying valTc* will be given ) It will be seen that the high tencon 




Flo. 49 CofDpieto a»«ctiarM when * hot filament tube k operated with bkb 
-rcltasc oQQtrolled by aatotrantfarmcr and le ttlC e il bj mechamcal n:xuCv 4 

arcnit, -which m this c*»e hal «utotrttnifonner control, n ooictly the «mc as 
that ilready docussed. The new feature is the filament drcurt controlled 
bj- the filament twitch and containing an ammeter to enable an operator to 
read the current hcaong the filament. By means of the filament control (a 
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vanaWe reactance) the ttrcflgth of the current may be titered. Before 
dttcutting details of control, howerer, jt a de«rthle next to look at one or two 
further points m connection with the tube /ticU 

57 Preparation of Hot Filament Tubes. — To obtain the neccaaiy 
high vacuum and to eliminate ns much os possible all traces of residual gas, 
elaborate precautions arc taken Vacuum workers know that small amounts 
of gas not only cling to solid surfaces, but are also embedded nght mside aD 
matenals. For example, if a glass vessel js highly exhausted and sealed off 
without any prchrainary heating, a very slight nse m temperature will release 
gas from the glass and the vacuum very quickly deterwratc. In high 
vacuum work, therefore, such as in the exhaustion of hot ffjament tubei^ a very 
careful procem of deganmg must be earned ouL Into details of this process 
it a not necessary to go but we may point out that, with the exhaust pump 
running “ full blast,” all metal parts arc heated to a high temperature (ty 
electromagnetic Induction) the tube loelf is baked in an oven at 400®C or 
500®C, and a current put through it under operating conditions. Finalty 
the tube a sealed off, after gases occluded in the glass and the metal parts 
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PtTsaure in bCcrona Mercury 

Belnns 

Ptydro^efl 

Nitrogen 

Water Vapor 

Mcrcnry Viqior 

SO to 10 0 

4 0 to 8 0 

0 5 to 1 0 

0 2 to 0 5 

0 01 to 0 03 


hare been remored as completely as possible. One reason for prerentmg the 
temperature of a target rising to too high a value at the focal spot a to avoid 
the liberation of gas which would otherwise result 

Smee a perfect Txazum cannot be obtained, there a always a vciy slight 
amount of residual gas, and hence there a always the poesibflity of a few stray 
poSrtiTe Jons bemg formed- Provided the gas pressure a well below the 
TsJue where cumulanre jornrabon by coll won takes place (see eection 38) 
no harm a done, Tha value naturally depends on the type of tube laed, but 
some Idea of its will be had from Table VIL Tha table, taken 

from a paper on i ray tubes tty Grew and Adee, of the General Electnc 
Corporation, gi ves the manmum pennosihle pressures in nucrons* of mercury 
for satisfactory operation of a 85 K-VT (kilovolti peak), 30 ma. tube. 

58. Focaaing — In section 50 a hnef reference was made to the /ocal 
the small area on the face of the target against wbch the beam of cathode 

* 1 TWWT nn — 0 001 H i m , 








FOCUSI 




r*y» or electrons strike In the g*s x ray tube, the beam is focused on th» 
spot partly because of the shape of the cathode partly because the walls of the 
tube in the neighborhood acquire a negative charge and this charge exerts a 
rcpulnve effect on the beam of electrons In hot filament tubes focusing b 
brought about partly because the electric field which costs between cathode 




and anode dyects the beam of electrons towards the target, but more so because 
of the actual structure of the cathode itself In the universal tube for 
example, the filament, wr^i^jcd mto a amafl flat ^nral, b surrounded by a 
concentnc metal cylinder one end of which projects a little beyond the 
filament, as shown m Fig 50 The other end b attached to the flange P 



Ai the cylinder ind fluge, .ni) the filunent itieli .re all m electrical contact 
the negatiTC high ten»on temnnal a repularc force acti on the hhented 
electroni. A aomewhat mnilar arrangement a ihown m Fig 51 a diagram 
from literature of the Phihpt X lay worka Figure 52 a . cloLuo 
photograph .howing the actual relation of the fihmienti. m a ipoaal douhl^ 
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Timhle reactance) the ftrength of the current may be altered. Before 
docusring detaiU of control, howcTcr, ft a desirable next to look at one or two 
further pomts in connection with the tube itself 

57 Preparation of Hot Filament Tubes. — To obtain the nccesawy 
high vncQum and to eliminate ns much as possible all traces of residual gas, 
elaborate precautfons are taken Vacuum worktra know that small amounts 
of gas not onlj cling to solid aurfocca, but are also embedded nght insde all 
materials. For example, if a glass vessel js highly exhausted and sealed off 
without any preliminary heating a very slight nse in temperature will release 
gas from the glass and the vacuum will very quickly dcterwratc. In h%h 
vacuum work, therefore such as in the exhaustion of hot filament tubes, a very 
careful process of degaismg must be earned out. Into detaili of this process 
it is not necessary to go, but we may point out that, with the exhaust pump 
runmng ‘ full blast, all metal parts are heated to a high temperature (ty 
electromagnetic induction) the tube itself is baked m an oven at 400®C, or 
500°C., and a current put through it under tyeratmg conditions. fmaDy 
the tube is sealed off, after gases oeduded m the glass and the met al pans 
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0 01 to 0 03 


have been remored as completely as posable. One reason for prerentmg the 
temperature of a target rtsmg to too high a value at the focal a to avcod 
the liberation of gas which would otherwise result 

Since a perfect vacuum cannot be obtained, there il always a vciy light 
amount of residual gas, and hence there u always the poashflrty of a few stray 
poertiTC ions bemg formed. Provided the gas pressure it well below the 
value where cnmulaure lontratioo by collision takes place (see acction 38) 
no harm a done. Tha value naturally depends on the type of tube used, but 
some Hr# of rta magnitude will be had Table VIL Tha table take n 
froffl a paper on x tmj tubes by Gross and Adec, of the General Electric 
Corporation, gives the mazimiim pennoaihle preamrea in microns* of mercury 
for aatafactory operation of a 85 K.VJ* (kiloTolts peak) 30 ma. tube. 

58. Focusing — In le ction 50 a bncf reference was made to the 
the area on the face of the target against which the beam of cathode 
• I micron = 0 OOliinn. 
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By mami of rhwsttt or autotransformer control, greater and greater 
Tolugcs (measured by etjutsalent ^lark gap length) were applied to the tube, 
and for each Talue the corresponding tube current was measured It wfll be 
noticed that, while at first the tube current mcreases mth mcreasmg voltage, 
a ftigc B reached at wh>ch m 
rr ^ H i» in Toltage produce* no 
mcratse m t-nillump erage. Those 
who prefer to itudy re»ula m 
graph* rather than m table* will 
»ee that Curve yf, Fig 53, «how» f 
the wme result even more clearly I 
In Table IX and Curve B Fig I 
53 the same result a *bown for J 
a different filament current, the | 
only difference m the two ca»ca | 
bang that the mjpomum tube 
current In the latter u greater 
Experiment tells u*, then that 
corrttfoiUing to toch fUsment 

cu/rtni, th*r* u a fruenmum « « t. t ^ , 

, \ , , .It Fto 53 Grtpha ihowiaB Bibiradco tube c on ent 

voM of ih* tub* eurrtntj xumoh for rwo (fi fle f ea t fi&meni cumnta. 

a tnd*f*nd*nt of th* opfiUd voir- 

agt The ea^planation of tba maximum current — called the 
currmi — b innple enough- The available mpply of clectroD* from a hot 
filament depend* on tti temperature and therefore on the magnitude of the 
filament current. Evidently no more electrons can be transported acnm the 
tube per second than are liberated each eecond from the filament. 

The student may wonder why all the liberated electrons ibo\ild not be 
transported to the anode at low as well as at high voltage*. The chief reason 
for this hes m the existence of what a called the rf*c* ch*rg* Suppose a 
filament is heated xvtihaut the appUcatron of a potential difference bc^een 
filament and anode. The evaporated electron* then form a cloud of negapre 
electnaty in the space immediately surrounding the filament. Since negatire 
electnaty repel* neganve due to this space charge, there soon devdops a strong 
repulsive force which not only prevents the emmion of further electrons but 
also dnve* electrons hack into the filament. When a comparatively cnaTI 
Toltage is applied acxoa the electrode* (with anode positive) the electron* 
move to the anode and a current is recordW. But with "kiw voltage* the 
speed of the electrons is not great, and they are present m sufficient number* 
in the region between the electrode* to contmue to exert a haclcward force on 
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filament tube, to the furroundjngs. By usmg filament* of different ihapca 
and adjusting the relative position of the parts, focal spots of different saa 
are obtained 

“ The focal spot czc, shape, and distribution can be controlled almost 
entirely by the ^ment ifte, shape and position relative to the rest of the 
cathode structure*” (Gross and Atlce ) 

59 The Anode and Target. - — In the universal tube, the anode head 
B of solid tungsten, whose inclined face forms the target, as shown in Fig 46 
No coohng device a added, it being poasble to operate the tube with the 
anode white hot, provided unidirectional voltage a applied. 

In sections 62 and 64 reference wOl be made to tubes of other design 


60 Control of Tube Current. — ~ In the gas tube we have seen that the 
residual gas ts conducting the current consisting of a stream of positrre tons 
in one direction along with cathode rays m the opposite direction. In the 
hot filament tube the current conststi toldy of the stream of negative electrons 
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hlicrated from the filament. How ts the magmtude of this c u rr en t controlled? 
In order to understand the answer to that question it b well to recall that an 
electnc current a measured by the total quantity of cle ctn aty passing each 
second any point on the circuit. If therefore more electrons arc trans- 
ferred every second from the filament to the target, the tube c ur re n t will be 
greater Now work on the thermiomc emwion has shown that the higher 
the temperature of the hot filament the greater the supply of electron*. TA# 
fftanU mf ^r g gs through th* tuh* ihtnrfor* u tncr**t*d smfly by mcr**mg 
th 0 fltmsni hsstmg current. But, it a asked where does voltage come in? 
That can be answered with re^rence to eap e nm ental result* such as given m 
Tables VTTT and IX (taken from Wappler Electnc Co literature) The 
number* m Table Vm refer to a tube whose filament current was kept con 
ttant at 4 10 ampere*. 
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By plotting these results an extremely useful curve inniUr to that m Fig 54- 
win be obtained. Figure 55 is a copy of a wmilir curve for a Universal tube 
taken from advertising literature 

Although an increase m voltage beyond the value 
necessary to produce saturation doe* not alter the 
magnitude of the tube current, it doc* alter the nature 
of the beam of x ray*. (See section 84 ) More- 
oyer an m crease in voltage beyond tho powit means 
an increase m the electrical power supplied the tube 
Care should be exerased therefore not to exceed the 
maximum voltage and manmum power whxih a 
safe to use with a particular tube (See sccoon 65 ) 

61 Voltage Stabillxer - — In connection with 
the relation between filament current and tube cur- 
rent it B impoftant to note that a very sbghi change 
tn the filament current may produce a big change m 
the tube current If we talw some actual number* 
from the curve of Fig 55 we see that with filament 
current 4 amperes, the tube current IS 40 ma while an 

uicreasc to 4^ amperes raise* the tube current to 1 00 mimia ' 

mi Thu hu in important pnttKiI Bpcct. ShotJd 55 
the filament current fluctuate there will be marked th*t • iE|[^t efaange m 
diingo m the tube current — u much u • 25 per 
cent change for a I per cent change m filament cur- la tube cun eat. 
rent. Obnouily this a not dcsrahlc 

If storage hattenes are used as the source of supply for the filament aremt, 
voltage fluctuations axe neghgftde Unfortunately however storage hattenes 
are not so convenient as a filament transformer and the latte/ a almost en- 
tirely used The supply for the tranifonner a commercud A.C., and m tha 
case voltage fluctuationi are mentahlc. Most readers will have observed a 
sudden di mming of incandescent light* when, perhaps in another part of the 
hotae, an electric iron or toaster is turned an The voltage appLed to the 
lamps has lowered because of the greater load put on Now such sudden 
changes m voltages are almost inevitahle when working with a supply used 
for many purposes and in many place*. In usmg * hot filament tube with 
filament transformer therefore, and with no special means for gettmg nd of 
vdtage fluctuations, marked changes m milliampcrige may occur 

By means of a voltage staiilaer however it a possible to mamtam a con 
ttant tube current m spite of voltage fluctuations. 
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those clectroni near the filament. For a gircn field between the electrode* 
and a fixed filament temperature, a balance o reached when electron* are 
emitted from the filament at such a rate that the force on those near the 
fila m ent due to the apace charge cancel* the applied electnc field. 

As higher and higgler voltage* are applied, a greater and greater number of 
electrons b transited each second across the tube until uldmatelj all the 
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3 09 amp. 

0 6 ma. 

3 31 

2 5 

3 40 

4 4 

3 SO 

8 2 

3 57 

12 6 

3 67 

20 7 

3 65 

21 8 

3 71 

27 0 

4 13 

35 4 


electron* emitted bf the filament reach the anode As alreadf noted we hare 
then the saturation current In operating an x nj tube, mnmblf the 
applied voltage a suSoentlj high to ensure jpturatxm current. In that case, 
we cannot emphasize too itronglj the electron or tube current depend* onty 
on the temperature of the filament, that is, on the magnitude of the current 

used to heat ft. 

Control of the tube current, 
therefore, for all practical pur 
pose*, depend* lolely on rtgiila 
rion of the filament current whose 
magnitude may be read directly 
from the filament ammeter It 
£^ then highly detirahle that the 
operator of a particular tube 
should know the tube (aaturabon) 
current corresponding to 
ammeter reading Such infer 
mabon he can readily obtain for 
himjelf by taking for each of 
aereral filament current value*, 
the BUurabon tube currenL He 
■win then hare a tabic pttuTt to Table X (a copy of some actual re*ulti taken 
from an eariy paper by Dr W D Coolidge) 
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t»ct» or for fixed tension the farther aw»y the electromagnet, the greater the 
tube current. 

Consdenng now the filament arciut as a whole, we see that rt has two 
jviff hlff resistance valuea ( 1 ) * high value when the contact at P is open 
aod the resistance R n the only path between yf and B and (2) a low value, 
when the contact is closed, and R is shunted by a very low resistance In 
actual use, when the electromagnet and the spring are set for a desired tube 
current, and the omirts arc closed the interrupter b in a state of rapid 
vibration the renstana of the filament arcurt altcmatmg between the high 
and the low values. There b then a resultant average value for the net 
resistance and hence with steady applied 
voltage both filament and tube currents 
remain constant- If the line sultage sud 
denly increases, the milhamperage through 
the tube does not m crease because the high 
resistance R u thrown m for a longer por 
tion of the total tune and so the average 
filament r eg ata nce increases, thus compen 
sating for the nse m voltage On the other 
hand, if the voltage drops, the contact poonts 
at P remain closed for a longer fraction of 
the time the average filament resmance 
becomes less, and once more the tube cur- 
ciBMictart rent rcmaini Constant. 



Fax 57 To ffloftrttB the prindple of Tfhe Kearsley stabilizer it will be noted, 
a awtant Toitaae rtthCGier rw • ^ , , 

12pcrceotTtnM5anla»dtaffeooth8 maintains a constant tube current by auto- 
^it^ride, the ootpat roltagc Tarlei tnadc control of the filament current. The 
T pweent. (onfUmt voUsgt tUhlagr another type 

whxih m some reye cta b more suitable for the type of x ray apparatus now 


on the market, b ao designed that, when a fluctuating line volugc b applied 
to the input nde of the stabilizer an almost steady voltage can be taken off the 


output side, A good stabilfxer of this kind shows a vanabem of only 1 per 
cent m the output voltage when the mput fluctuates as much as 12 per cenL 
It B not easy for anyone not trained in electrical engineering to understand 
fuHy the operation of ths tjpe of stabilizer but the diagram m Fig 57 -will 


gite a general idea of the arrangement used For this dugram the author b 
Indebted to Mr W C Baldwin manager of the Engineering Service of the 
General Electric X ray Corporation Mr Baldwm states that their product, 
the Unnrersal Stabiltrer as most other stabilizers basically consists of a sat 
urated core reactor and an nr gap r ea ctor run well below saturation 
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The ttudent wiJl undentand that *ny arrangement in which rootance or 
impedance incrcatcj (or decreaaei) in ftep -with an mcrtaK (or decrease) m 
voltage >vill maintain a constant current in any ordifraryar««t. For example 
there » a tj’pe of lamp (using iron wire m an atmosphere of hydrogen) which 
gives the same current for a wide range of applied v'dtaga. This n because 
the resistance of the lamp mcreases with nse m temperature and hence with 
an increase m the power suf^shed. In tha special lamp the increase m resat 
ance just compensates for the increase m voltage* TTm pnnaple of adding 
resistance when the voltage goes up b utilixed in the Kttrslty SutSisxr 
Th» stabibzer, designed by Keanley of the General Eicetne, makes use 
of a mechanical device which automatically throws more rcfntMnce m the 



filament arcuit when the rolcagc raes and cuts out reaatance when the voltage 
drt^ The itainlizer m actual use » not quite ao ninple as that shown m 
Fig 56 but this dagrazn will make dear fa bauic ^pncaple. It wtD be noted 
that the filament orcuit mdude* the secondar 7 of the filament tranaformer 
the filament itself and a resistance Jl m parallel with a branch APS of very 
low resistance This branch circuit is aometimes open sometimes closed, 
because it ointams an interrupter fcmilar to the hammer break of an inducooo 
cod controlled bj* the cJectromiignet Af m the high tensaon tube circuit. 
When a tube current » flowing M n magnetwed the soft iron piece C a 
attracted, and the contact at F a broken -froxxdM the puS on C* a great 
enough to overcome the teosjon of the controlling spring S The greater the 
ttnsJon of tha spnng, the greater the tube current necesaary to separate the con 
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which It e*ch end fa sealed to the re-entrant glaa cylinders G G A window 
W placed opposite the target permits the passage of all but the softest x rajx 
The protection provided by the central metal cylinder a greatly increased by 
a layer of lead which surrounds it. In addition the somewhat masave anode 
and the cathode assist in cutting off unwanted rays, particulariy longitudinally 
and a layer of baJcclitc which forms the casing of the whole tube adds more 
protection. At the same time this casing shields the bnght Lght of the 
incandescent filament and mechanicall) ts a protection to the gl**s- 

The General Electric X ray Corporation have a tube, somewhat nrmlar 
m appearance m which an aH glass cylmdneal envelope a surrounded by a 
removable casing providing both protection and insulation 

63 Line Focus, — The metaln tube introduced another new feature m 
x-ray tubes, and that was the use of a linear instead of a circular spot, a lug 
gcstion originally made by Goltze To understand the significance of tha 
change, the student must be clear about two points. The first has to do with 
the m tense load heating generated at the focal spot. (Recall section 53 ) 



Fla 60. In (■) the emtU KKircc of lisbt/’ cots Bthaj-p aludov of the obatade 0 b (b) iIm 
bread snurts girct rite to tbe deep (hadov aamnndcd by a po uu nbra. 

Concerning this, rt should be evident that the Urger the area over which tha 
heat a developed, that is, the larger the focal spot, the lower the resulting 
temperature and the less the clanger of destroying the tube The second pomt 
concerns the relation of the arxe of the focal spot to the sharpness of the picture 
when the shadow of an object is observed on a fluorescent screen or a photo- 
graphic plate. If the student will think of x rays as invisible hght (as mdeed 
they are) he w£Q realize that the smsIUr the dimensons of the source of the 
beam, the sharper the shadow picture of an object, unless ft » a flat one placed 
close to the screen or plate Plgure 60 which ilJustntes the pant, will be 
very f a mih i r to anyone who has taken a course m elementary Lghu For 
sharp detail, therefore the focal spot should be as *m«T] cs possbla 

But if the focal spot n very smaD, the power mput (the load on the 
tube) muB be kept nmD beame of the temperature effect, Bid frequently 
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) 62. X Ray Protection and Mctalix Tube. — Although « tletiilHl 
djscussjon of the prt^rtie* of x mj^ has not yet been glren probably all 
medical students arc aware that unwanted x rays falling on the body of ^er 
patient or £^>erator may have senous injurious effects. It h very nececaiy, 
therefore, to provide adequate protection against such rays. To do tha 
many precautions must be taken (sec section 87)i but obvwuily the first step 
B to sec that, if possible, the beam of rap leaving the tube b restricted to a 
narrow bundle To some extent this can be accomplished by surrounding 
the bowl of the tube with some material which absorbs all or nearly aQ the 


n» 



rap which sOTke rt An opening of course, must be left to allow the pusage 
of the useful cone of rap Some of the earlier rubes were so covert with 
a protecting covering of rubber impregnated with lead oxide, lead beuig an 
omellent absorbing mttcrul for ordinary x rap or with a protecting txiwl 
of thick lead glass. 

A radical departure m x ray tube protection and in tube desgn was embodied 
m the socaHed nuUdix tube, first put on the market by the Philips Ooeilampen 



Fio. 59 The Mctilbc X'Ttr Dabe. 


fabneken X ray Works, Holland- Although Coobdge ax early ax 1915 
had experuHcnted with a metal tube, the mctalix wax the first, which used 
the principle of metallic protection in the tube itself to be put in the hands 
of raixJogtfti. The roam fcamrea of thb type will be understood by a 
study of Fig 58 and Fig 59 which ahnws its general appearance The 
tube consuls csxencally of a cylmder of chremuum-fron aDoy, B in Fjg 58, 
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tron boon ttrikes the beveled edge of this dsc, clearlj shown m Fig 63 giving 
rae (ilong the center of the useful beam of rays) to an effictne spot which m 
one tube, a 2 mm X 2 mm when the actual area over which heat a produced 
is 7 mm (the length of the actual ^t) X 190 mm (the mean arcumfcrence 
of the annular area) With such a tube therefore, high power mputs are 



cwnwf OraMl CWorli X'/«y 

Fio. 63 A rotaang aoodc rube. 


possible without losing the advantages of a small focal spot. For example 
with a certam tube of tha type with an effeenve focal area as small as 
1 mm X 1 mm it a potslile to use the same power mput aad same exposure 
tone ai for an effective of 3 8 mm X 3 8 mm with a staoonary anode 



65 Rating -—From the preceding sections, rt should be evident that it is 
highly desiraUe to know the maximum pwwer which may safely be supplied 
to a tube, as well as the tune ths or any lesser amount may be used 'ITns ji 
what B meant by rmtmg 

In consnlermg this question the student should realize that only a very 
*raall fraction of the total energy supphed n tube goes mto the energy of the 
a my beam The remainder which goes mto heat, b a dead loss,” and, 
as wc have already pomted out m section 53 steps must be taken to remove 
that heat sufficiently mpdly to prevent mjury to the tube. In that section 
reference has been made to most of the ways m which mpid nsc m temperature 
IS prevented. Note again Figs. 59 and 65 m wbeh the tubes are equipped 
vnth radiator fins to dasipate the heat conducted along the anode and Figs. 
66 and 67 iUustratmgtubaprovidttl with water cooling Note also. Fig 68 
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It ts not dear*ble to ratnct the power For example, the cruller the power, 
the longer the exposure when x ray photographs arc madej and m many cases 
It B necessary to hare short exposures. 

Designers of x ray tubes, therefore, were faced with the problem of com- 
Unmg shairp shadows with short exposures, or in other words, of retainmg the 
equiTalent of small focal ^ti wth ade<]uatc 
power mput. The problem was solved m 
two wa)"!, ( 1 ) by the use of a hue focal spot, 
as in the mctalix tube and (2) by the use of 
a rotating anode (sec section 64) 

In the metallx tube and many others since 
placed on the market, a linear 51amenc a so 
placed In relation to the surrounding cathode 
that a focal spot of the shape AB Fig 61, is 
formed on the face of the target T7^, tha 
face being inclined to the axa of the tube at 
an angle of 71® not the 45® prenoudy used 
with drcuUr spots. Now although the 
actual length of the focal spot ts sereral tunes 
Its width, to an observer looking along the central part of the beam of x rays, 
Its length, m so far u its abi^ to cast shadows is concerned,, a only 

CD Thus, although the actual total area of the spot a as Illustrated m Fig 
61i Its cffectTc shadow-casting” area b more like Fig 61tf Because 
of the gr e at er actual area, it a posable to use an ele ctn c load on the tube con 
siderably greater than when a ^t of actual area Fig 6 If 
IS formed on a 45® face target, 

64 Rotating Anode. — To permit the use of still 
higher amounts of power tubes with rcvolvuig anodes 
have been designed by both the Philipa X ray Works and 
the General Electnc X ray Corporatlou. In tubes of 
this kind, although the focal spot » statxinaiy and of the 
rectangular shape shown by the black spot A In Fig 62^ 
because the anode is kept in rotation the area over which 
heat ts deyeloped is the annular space shown m tha figure 
by the dotted cuxles. In the General Electnc tube illuB- 
trsted in Fig 63 and Fig 64 a dac of tungsten a rotated 
at a speed of 3000 r pxin, by an induetkm m ot or whose 
stator a outside the evacuated part of the tube. The elec 



Fkl 62. The bearr 
drekv reproent the 
bisT«Ued edse ot a 
ntadag anode, J 
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Flo. 61 AB irpraena the tctml 
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which showi clearly a mimve blackened coohng sphere at the end of an anode 
wluch Itself has a high thermal capaaty The student will recall that 
bothes are good radiators, and that the higher the thermal capacity of a sub- 
stance, the lower the temperature nsc for a amount of heat. 



C mM i 'ntO X^ Cawa— x-nv ITwti 

Pio. 66, A water csokd x-nj rohe. 


The actual quantity of beat developed n directly proportional to the total 
energy put mto the tube and that, it will be remembered depends on the 
product voltage X current X time. (Recall Vlt Joules m ordinary arcuiti.) 



Otmtmf X-rm WWti 


Fio. 6t. Aa x-nj tube with t musre mode md hltrkmfd coo E fi g iphere. 

If, then a radiologitt a told that a certain tube can be safely operated for 30 
seconds, at 85 IdloTolts peak (Kr P ) with a current of 30 ma^ he has a 
ratmg which a simple and definrte- But it does not give enough mfonnatiom 
He may want to know how long the tube may be used with 5 ma. at the same 
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or tome otKcr Kr P or he 111*7 wonder how the ritfiig n *2tere<J when * 
change 1* nude m the operation of the tube from a constant Yoltage generator 
to one m wluch cnerg7 is utilized only m alternate half-cycle* (see next 
chapter) 

Modem practice give* the answer to such questioii* because the manufacturer 
supplies chaiti from which oeposurt times can be read oS for correqwndmg 
Toltage and current values, a separate chart being tupphed hir each type of 



Flo. 69 A typusl chare. 

Simply equipment such ai faD wave half wave. (Agtm see next chapter ) 
Figure 69 taken from General Electric literature a an example of one of the 
actual charts for the Coohdge Tube unit DX2-4 5 It apphes when a 
2 0 X 2 0 rn m, focal ^t ts used and the tube a operated on full wave 
rectified equipment. To make sure that he understand* the use of such a 
chart, the student should check the values grren m Table XI. These arc 
read off one of the graphs of Fig 69 


Tasl* XI 


Kr P 

nu. 

ExptMor* Tune 

JOO 

60 

Wjcc 

56 

«l 

1/5 

70 

60 


54 

60 

5 

40 

60 

20 


It a imporunt to note tbit, illhough tho acpottirc ome in the flm ine of 
tbn able a -fOO tunc Ie» than that in the Ian Ime, the power nipplied the 
tube u only 21 dine, greater In other word., it n a bad mstato to a»ume 
tint if It a pennmibfc to eapoK for 1 lecond with a certain amount of 
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which ihow» clearly a nuMve blackened cooling sphere at the end of an anode 
which Itself has a high thermal capaaty The student will recall that M irk 
bodies are good raduton, and that the higher the thermal capaaty of a sub- 
stance, the lower the temperature nsc for a fiiccd amount of heat. 



Ommat gUtBU 

Fto. 65 A twUatiir x-raj 



Cmmrnt’mmt* x-rtt Wmta 

Fie. 66. A water cooled x^f mbe. 


The actual quantity of heat dereloped is directly proportional to the totil 
energy put mto the tube and that, it will be remembered, depends on the 
product voltage X current X tune, (Recall VJt joule* m ordinary orcuit*.) 



Fto. 6S> An x-nr with a nuniTt uods tad HirWord cmllrn 4 >hen. 

If then, a radiologist a told that a certam tube can be safely operated for 30 
seconds, at 85 kilovolts peak (Kv P ) with a current of 30 ma*, he has a 
rating which is simple and definite. But it doe* not give enough mfonnidon. 
He may want to know bow long the tube may be used with 5 ma. at the sam* 
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power, that five tunc* that amount could be used for a fifth of a second 
Time must be allowed for heat developed to be removed, hence a greater and 
greater limitation a placed on the pcmuoible power the shorter we 
the exposure, 

66. Shockproof Tubes, — In section 62 reference \vas made to the 
necesaty of protecting a tube so that x-rap do not leave it m unwanted ducc 
ooni. Protcctxm against clectncal sho^ ammg from contact with high 
tension wires ts equally important. For a great many yean both the electrical 
leads to a tube and its temunali were unprotected and there was alwap present 
very real danger of bad clectncal shoclcs to patient and operator because of 
accidental contact with these conducton. Nowadays, although tlus danger 
IS stiU often present, many tubes are ihocAfnof that is, they are so protected 
that It n perfectly safe to put ooe*s hand on ^e casng in which the tube n 
housed. 

Figures 70 and 71 fllustrate the general appearance of two such tubes. 
The means of providing protection a octremcly ample The tube proper » 
enclosed m a metal case which b grounded, and the high tensmn leads to the 
cube are surrounded by heavy msulaong material around which a fiexible 
grounded metallic casmg is wr^iped. 

67 Oil immcrsiQii. — The desgn and general arrangement of the 
earthed casmg of a shockproof tube must be such that there b no danger of 
breakdown sparking between any high tension part of the tube and the sur 
rounding casmg In Fig 71 a Philips* tube tha u done by smtable desgo 
of the parts. In Hg 70 a General Electnc tube, the space between the tube 
and the casmg is filled with oil the whole being hexmcUcaUy sealed Because 
of Its insulating properties oil muumizcs the space necessary between high 
tension and earthed parts. The use of oil also makes the arrangement inde- 
pendent of atmospheric conditions, and, mortoTcr “ oil is superior to air as 
a heat absorbing and cooling medium. 

In this connection it it intcrcitmg to note that the General Electnc Corpo- 
ration have units m which not only the x ray tube, but also the high voltage 
equipment, transformer and all, are enclosed In oil in a grounded container 

Low VoHafie Tube*. — A tube operated on voltages of the order of 
50 000 volts has be« designed largely beause of the work of Chaoul, for 
the treatment of both malignant and noomalignant sbn dtfease*. The im 
portant feature of the Chaoul tube is the anode end. The electrons, indicated 
by the dotted lines m Fig 72, past down an earthed metal cylmder and strike 
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69 Self rectifying Tubes. — We hare already emphasEaed tliat elec- 
trons leave a hot £lament only when it u negative. Hence, if a tube such as 
the Umverttl Coolwigc ts placed directly across the high tension terminals of 
a transformer current ordinarily 
passes only when the end of the 
secondary of the transfonner which 
IS attached to the anode, ts positive 
In the next half-cycle, when tha 
end zs neganve no current passes. 

Provided certain precaudons are 
observed, therefore, a tube can act 
as Its own recoder and so be used 
with the ample tmngOTent thown 

m Fig' 73 Tha a known as In Fig 7^ graph (e) repre 

sents the theoretical wave form of the voltage ippLed to the tube, and (i) 
shows the theoretical* corresponding tube cuirenL Note tbatitisintennittent 
but unidirectional. 

In actual practice, m the great majonty of cases, it does not do to let a 
tube act as Its own rectifier As we have already pointed out more than 
once, the focal on the target may become very hot. In the Umverttl 
tube the whole anode sometimes becomes white hot. Now any metal 
emits themuoiuc electrons at high temperatures, hence if an altematmg high 
tension potential is applied to the tube there a always the danger that, during 
the half-c)cle when the anode is neganve it will emit electrons due to a high 
temperature Such an emtssain a disastrous to the tube. In addition to 
causmg the liberatjon of unwanted x rays from places where these electrons 
strike tha beam from a hot anode may destroy the tube by the damage it does 
on impact. More often than not, therefore hot filament tubes are operated 

• By me»m f cwdUo^iipIu tbs scttal fonn of tbe cnr\-e cm ho Altboovt 

It depam iciDCiTbat from the moooth type of corr* ihown In F f 74 the fonnTf^ 
enmnt fnpb obtained by the o«ilhjeiaph ihowa cfcady the repp/omian of each half 
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at itt far end a target T, made of gold*^lated mckel, only 0 15 mm, thick. 
Water arculatmg m a narrow reg^n around the target end of the cyhnder 
effecnvely cooli the target. Because of the extremely small thkkness of the 
target, the x rays generated pass through it with slight absorption, as well as 
through the 2 mm thickness of water between the target and the outer will 
W A conical applicator CC slipped over the end of the tube rests on the 
skin of a patient, the rays striking the skm at focal distances of only a few 
ccntimctcTS. 



In Chapter VllX, further mforroation will be found concerning the 
nature of the rays leaving thn tube as well as another low voltage tube suit 
able for produang Grenz rays. In this tube the applied voltage u of the 
order of 10 000 volti. 

In this chapter we have tried to gp1«^n the principles involved m the use 
of hot filament tubes. No attempt has been made to describe the details of 
every kind of tube on the market, but it is hoped that the mam ideas utfiized 
m any kind have been TTi«de clear Our attention has been confined to an 
of the design and the operation of tubes. Later we shah dacuts 
su^ questibas as the effect of voltage on the nature of the rays leavmg a tube. 
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69 Self rectifying Tubea. — We hire liready empbjuized that elec- 
tron! leave t hot filament only when it a neginve Hence, if a tube wch as 
the Univer*il CooWge a pk^ direcdy aero* the high tension ter m ina l ! of 
a traniformer current ordinarily 
paoes only when the end of the 
tccondary of the tramfonner which 
u attached to the anode, a posOre. 

In the next half-cycle when tha 
end a negaore no ainxnt panes. 

ProTxled certain precautions are 
observed therefore a tube can act 
as Its own rectifier and to be used 
witb the ample tmngtmcnt .town •«««•• la 

in Fig 73 Tha a known as ulf-riKttjusiion. In Fig lA graph (a) repre- 
sents the theoreCKad ware-form of the roluge applied to the tube, and (3) 
ihow! the tbeorctjcil* corresponding tube current Note that it o mtennittent 
but unidirectional. 

In actual practice, in the great majonty of cases, it does not do to let a 
tube act as Its own rectifier As we have already pointed out more than 
once the focal spot on the target may become very hot In the Universal 
tube, the whole anode •ometinics becomes white hot Now any metal 
emits thermionic electrons at high temperatures, hence, if an alternating high 
tens»n potential a ippbed to the tube, there a always the danger that, during 
the half-cycle when the anode a negative it will emit electrons due to a high 
temperature Such an emanon a daastroui to the tube. In addition to 
csusuig the hTjeration of unwanted x rays from places where these electroos 
strike, tha beam from a hot anode may destroy the tube by the damage it 
on impact. More often than not, therefore hot filament tubes arc operated 

+ Bf meuu of owdUofraphi the sctiul form of the cun-e can be obolaed. Altboori 
it deparo *oa>ewbai from the HUooth type of ewe »hown In Fif 7+ the form of the 
canrat rr»pb obtained by the oKillopaph ibowa chsarly tbe *npprc«i« of each half 
cyde. 
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on voJttgt which haj been rectified, and invanahl/ the rccofien uicd are of 
the valve type not the mechanical routmg disc described m sectioa 19 



FiXk 74. Ia •df'cectifictooe, or haK-vtre, cabe c un tnt flowa coly 
U tlteraate balf-erda. 


70 Valv4 Rectifiers. —■ Ai long ago as 1915 Pi* Saul Diohmai) ofthe 
Grenenl Electric Research Laboratory designed a recti^g valve for use in 
X ray circuit*, to which the name Jwtotron wa* given The wmido arrange- 
ment unhung a recafying valve is shown m Eig. 75, where a single valve V 

v in senes with the secondary of the 
high tension traniformer and the 
tube T It a well to note that, m 
order to avoid confusion m all our 
diagraim we represent a valve by a 
circular diagram and an x ray tube 
by a cylindrical one. Actually they 
may both be cylindrical m shape. 

Although m one sense a rectifying 
valve and a hot filament x ray tube 
Ro. 75 raaifictom hj of • arc esKntially the same, each with 

dogle Talao ^ Is KTiei mdi cbfi tobe 7* , / . m • j 

an anode and a hot filament cathode 

and each permitting the flow of electrons only when the filament a hot and 
when It IS negative, noverthelcs* there are important differences. A tube a 
pr imari ly for the production of x raya, whereas m a good valve, x rays must not 
be generated. To avoid their production the electrons must not be allowed to 
cro» the valve at high speed, or m other words, the voltage drop across die 
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yiItc must be mall This a tl» desirable, because the greater the Toltigo 
drop across a Talre placed as m Fig 75, the Jes* the voltage av ai la M e for 
the tube. 

In a good valrc, then the aim is to pass a high current at a low voltage. 
To insure tlm the valve must be so designed that the current through it a 
coocderabl^ below the sat urat^a value In section 60 the meaning of 
saturation current for an x ray tube was explained, use being made of the 
graphs of Fig 53 Because of the fundamental similanty between a tube 
and a (vacuum) valve, the same type of graphs apply to a valve. In fact, 



Fio 76. Quractemtic carret for two rccufaiog nloa, 1 meaEz, 2 gUa. 

Fig 76 taiien from literature of the Philips Metahx Company shows two 
crnil a r graphs for two different types of rectifying valves. A glance at 
graph 1 will show that the valve to which tba applies wiD pass a current of 
300 ma, when the voltage across it is leas than 200 volts, a very mun 
amount compared with tube voltages. 

71 Types of Valvea. — The ongmal kenotron and the bnd of valve 
firtt put on the market by the Philips X ray Worb were simple diode tubes, 
consisting essentially of the filament (and associated cathode) and the anode 
in a highly exhautted glass container In some respects this arrangement 
proved unsatufactory because with an unprotected filament, a negative charge 
collects on the inner surface of the glass walls, and this mal« the valve erratic 
in Its behavior To quote from General Electric Ltcraturc tha charge 
(the charging of the walls) produces a gnd action which under vanaWc aremt 
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condjtkin5 may produce a roltage drop u high as 10,000 to 20,000 TtJtt.” 

To overcome tha defect, different deVKcs have been used. For example, 
the General Elcctnc now use “ a cylmdncal anode with a spiral filament 
uifide.” Since the filament ts thua currounded, no negaore charge accumu> 
latcs on the gUa container as ail the electrons are caught hj the anode. 
Figure 7 7 n a photograph of a Icenotron of this 



OiMMit 

Fio. 77 A keootTOd, (recd/yiatf nJre) with rrSAdrical aaode 
cumwodiof « qsiral SUiiKot. 


The Plulipj Metalix Ginipany have overcome the diScultf by mahng one 
end of the valve a metal cyhndncal cap, which fulfills the double functxm 
of forming part of the container and acting as the anode Tha anode 
* incloses the filament m all directions except in that of the msulatug stem 



CM1W7 nmrn X-r*^mU 


which supports the filament.’* Tlie general ir 
rangement is shown in Fig 78 In Fig 76 
curve 1 applies to a metahx valve of this sort, curve 
2 to one with a glass envelope, the filament current 
u etch case being the tame. The marhed fi^>e- 
nonty of the metahx valve is obvious. 

Figure 79 shows the external appearance of a 
valve of a different bnd, recently put on the 
market by the Philips Company In th« type 
resdual gas u left m the valve and use u made of 
cumulatiTe lonizabon by coUtann Just as m the 
high vacuum type, elec tr ons arc emitted from the 
filament (of the dull emitter type) when it is nega* 
tire, but the current is no longer a pure electron 


Fio. 1 %. DU«ram of a recti- Stream for the gas is lontxcd by the colhdmg elec 
tying tiIt* with tnodo troni. On the reverse half-cycle when the fila- 
•unwocuoa tne mtmcnL , / , 

ment a positive there u no ele ctro n emosion and 


jjo ionization In this type the manufecturer states that “ the voltage drop 


It remains constant at a figure of the order of 50 volts ” and that 


“ holbw mteriDcdktc conductors, sttuated at intervals along the mtenor of 
the discharge tube arc interconnected by condensers which endrcle the unit 
and perform the function of dambutmg the potential by eijual stages along 
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tte length of the vaJre ” Current* «s high a* 1000 nuu are possible with 
this had of ralve. 

72. Half wave Rectification. — Attention has already been directed to 
Fig 73, the lunplc self rectified arcuit, and to Fig 75 where a jangje reeb- 
fymg valve m senes with the tube gives rectification and added protection. 
To each of these circuits Fig 74 is applicable. With the arrangement shown 



Ormmf netft X-ra* ITfria 

Flo. 79 A reCofTioi vmlTe irUch mil cmtij c ui ie n t* u hisb as 1000 ma. 

m Hg 75 however it ts possble to use greater amounts of power than if 
the tube were its own rectifier Thai figure illustrate* the amplest case of 
htlf-vjtv* rectificstten 

73. Full wave Rectificatioii. — Figure* 80# and 80^ iUustrate a type 
of rectified or e m t m common use, the so-called Graetz ezrewL In Fig 80a 



Fto. 10. Tlie Grtetx dremt (or ware recdficatm. 

the arrows indicatt the directian of the current dunng the half-cycle when 
the end A of the KCondary of the higb-tenston transformer is pontiTe and the 
end B ncgacve. Figure 80i applies to the alternate half-cycles when A » 
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negitive aod B poatiyc If the student will remember that current will 
traverse a valve only when the hlamcnt is negatn^e, he should hire no difficulty 
m showing that m Fig SOa, valves 1 and 4 are not m use, or m Fig 80^, 
valves 2 and 3, but that m each case current passes through the x ray tube. 
With tha arrangement, therefore, use ss made of each half-cycle, the thco- 
rebcal form of the current being as shown in Fig 8 1 



74 Tube Rating and Type of Rectxficataon. — In Fig 69 an 
example of a rating chart for a certain tube was given Now, as a matter of 
fact, the graphs m tha chart were only applicable when tha tube was operated 
on full wave equipment, and, in the manufacturer’s literature two other 
charts were given for the same tube, one apphcahle to half wa\e, the other 
to self rectified equipment In explainmg why a different chart a needed 
for each type of equipment, it a instructive to look at a concrete case. 

From the three charts suppbed by the General Electric Company for their 
RB 1-4 tubes (with *mfl11 focal ^t) one finds out that, when one of these 
tubes a operated on 60 000 volts, with 20 ma. current, the maximum penna- 
sihle exposure time a 40 seconds for full wave equipment, 15 seconds for half 
wave, and 2 seconds for self-rectifiaition It n not difficult to sec why with 
self rectified loe the same amount of power can be used for a much shorter 
time than with half wave rectificaaon. Without the valve, there a danger 
of inverse current through the tube, once the focal spot reaches a certain 
temperature. The presence of the valve, however does not allow any current 
tp flow even when the focal ipot reaches tha or a higher temperature. 

It a not so easy to see why the penmashlc tune for operation on full wave 
B longer on half wave. To imdeiatand the reason the student must be 
jixrut the difference between the current recorded by the milliaminettr 
in the tube circuit, and the actual value it may attam m a half-cycle. Consider 
hilf wave rectificatam, where the current u completely suppressed every alter 
nate half-cycle, and where an osdDograph shows the mte nmtt en^ p uls a tin g 
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luiture of the current, somewhat a* m Fig 82 curve*. The current changes, 
howcTcr are much too rapid, (remember that the time of a half-cycle b 1/120 
second for a 60 cycle per second supply) to be registered by the moving parts 
of a miHtamm eter and tlm instrument records only a steady mean, of magni- 
tude considerably lea than the highest values reached every alternate cycle. 
In Fig 82 the line b represents the steady mean exurent recorded by the 
iTuIbammeter It follows that, if a mUhammeter records, uy 20 ma., the 



enrreot through the valve and the x ray tube may actually attam a value 
several tunes 20 ma. — at least three tunes as great, according to mionnatioa 
taken from Phibps* literature. 

Now consider full wave rectification as depicted m Fig 83 In this c*v^ 
because current passes through the tube tvtry half-cycle the mean miTbam 
perage b much nearer the peak value, this bong only about one and a b«1f 



times as great as the mean Thus for a milhammeter reading of 20 ma. 
the actual tube and valve current may be as high os 60 ma, for half wave 
rectification and about 30 ma, for full wave Hence although the total 
power supplied a tube m each case may be the tame (an average of 20 ma. 
at a peak volttge of 60 000) in the case of half wave equipment, rt a given 
in “ doses ** which are much more mtensc, but half as frequent as in the case 
of fuE-wave, Since heat generattd at ihe focal spot takes an appreoahle 
tune to be dusipatcd, tha means that higher focal temperatures are reached 
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with half wave than with full ware, with conaequent ihorter pcnnmihlc tnnea 
of tube operatnn 

75 The Use of Condenaera with Valves, — Consider a oredt 
arranged as In Fig 84, where C represent! a condenser of fairly Hgh cipaaty 
and one capable of withstanding x ray potentiala. Dunng the half-cycle when 
/i It positive and B negative, as m Fig 84a, current can dow both through 
the X ray tube and into the condenser, charguig It as indicated m the diagram, 
the potential difference across the condenser bong the same as across the tube. 
Dunng the next half*<ycle, as represented in Fig 84i, no current can flow 



from the transformer because the negative end of its secondary ts attached to 
the anode side of the rectifying valve, Dunng this half-cycle, however, the 
condenser can discharge through the tube, with a drop In voltage which a 
«ma11 compared, with the maximum potential to which it was charged. To 
understand why the voltage drop is small, let us make an estimate u&ng actual 
numencal values. 

Suppose the sTcrage tube current dunng this discharge of the condenser is 
20 and that the capaaty of the condenser is 0 1 micro fand. Then dur 
mg a half-cycle of 1/120 of a second, the quantity of clectnaty which leavea 
the condenser 


20 


1 
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But, jina: the capuuty of the condenser “ ]5 10 ^ ^ “ 

4e roltuge dtnp, the quenuty of electncny winch leaves the condenser Jso 


— ^ X 10-* X y coulomb. 

^ fr= 1667 volts. 

Compsred wtth the peek voltsge developed m the secondsry of the trsns- 

fonner thtt night to the tube will 

With the above arrangement, then the voltage ipp 
temam moderately steady somewhat as represented m Rg 85 a 
dagram puUnha by Watson and Sons (Electro-medical) LimJted, London 



Fio. I! With the anuneexet dwvu h. F,. M the drop o tube wjtap U llllht 

76. The Grelnacher Circuit. — In the above arrangement we have 
noted thu durmg every alternate half-cycle the transformer does not supply 
any power to the arcmt. Actually condensers and valves are used m less 
simple arrangements. The Gremacher arcmt shown m Fig 86 n an eaample 
of one arrangement which has been widely used. In it, by the use of two 
condenseri and two valves, (1) the transformer is utilmed every half-cycle 
( 2 ) the voltage drop across the tube is shghti and (3) appronmately twice the 
transformer voltage is applied to the tube. 

By reference to Fig 86 it will be seen that, durmg the halfcycle when 
A B pocovc ajid B negiove, condentcr Ci b charged to the miTimum voltage 
dereioped m the tecondary of the tramfonner -whereas on the alternate half 
cyde, when A a negatiTe and B posnre, Ct b stmllarly charged. Once the 
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with half wave than with full wave, with consequent shorter pcnnnsible tones 
of tube operation 

75 The Uae of Condensers with Valves. — Consider a circuit 
arranged as m Fig 84-, where C represents a condenser of huly high capaoty 
and one capable of withstanding x ray potentials. During the half-cycle when 
yf IS pocuve and B negative, as m Fig 84a current can flow both through 
the X ray tube ind Into the condenser, charging it as mihcated in the diagram, 
the potential difference across the condenser being the same as across the tube. 
Dunng the next half-cycle, as represented m Fig 84i, no current can flow 



from the transformer because the negative end of its secondary a attached to 
the anode fide of the rectifying valve. During tha half-cycle, however the 
contleniier can dachsrge through the tube with a drop m voltage which a 
tmd! compared with the maximum potential to which it was charged. To 
understand why the voltage dn^ a smaU let us make an usmg ^rtruT 

numerical values. 

Suppoce the average tube current dunng tha daebarge of the condenser a 
20 rn*- and that the capacity of the condenser a 0 1 nucroftrsd. Then dur 
mg a half-^cle of 1/120 of a second, the quantity of electnaty which leaves 
the condenser 

20 1 

= X ampcre-accondfl or coulombs 
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Bat, tmcc the capinty of the contlcmer is — mf ^ £anul, if K b 
the Toltagc drop, the quantity of clectnaty which leaves the condenser also 


= — X 10^ X V coulomb. 


10 -^;^= 


6000 


or 


y= 1667 volts. 


Compared with the peak voltage developed m the secondary of the trans- 
former this B slight. 

With the above arrangement, then the voltage applied to the tube will 
remim moderately steady somewhat as represented m Fig 85 a copy of a 
diagram published by Watson and Sons (Electro-medical) Lmuted, London 



Dlmrm» irMM* « ami. IM. 


&5. Widi the tirao^eiiMaC dtovn lo Fig. 14 the dre^ m tube voltage a iHght. 

76. The Gremachcr Circuit. — In the above arrangement we have 
tooted that during every alternate half-cycle the transformer does not siqiply 
power to the aremt. Actually condensers and valves arc used m les 
®®ple arrangements. The Gremachcr orcuit shown m Fig 86 a an example 
of One arrangement which has been widely used. In it, by the use of two 
OMdensers and two valves, ( I ) the transformer a utilacd every half-cycle 
I / ^ Toltage drop across the tube a slight and (3) approximatrly twice the 
transformer voltage a applied to the tube, 

^ 7 reference to Fig 86 it will be seen that, during the half-cycle when 
j ® Po®®ve and B negative, condenser Ci a charged to the n u T i mum voltage 
eloped m the secondary of the transformer whereas on the alternate half- 
^70“ when ^ a negattve and B pofitiTC, Ci a similarly charged. Once the 
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condenser* arc charged, gsch of them can send a aurent throagh the x-ny 
tube, since in the oront 1 2 3 4 the condensen and the tube are m lenes. 
Moreorer, just as explamed m the previous section, the voltage dre^ m 
half-cycle wHl be slight Again, since each condenser is charged to the trans- 
former voltage and the two ore in senes with the tube, the tube voltage s 
approximately twice that of the transformer 



Fto. S6. The Gnlaadicr cecstiiit puzsdal dnoit 
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=7" 


r.'po.^vc'td b“ g^v=, O^cnt P«. through d.= «;o«, the con- 
denser, conseguently being ch.rg>ul « i i 

mdxated. On the revervi heli^de 

a *own m Fig 874 current c«mot 
nai through the vilra, but enA 
condeiner con discharge through tte 
tube, whik at the tame tune, the 
Toltage developed m the Kcondary o£ 
the tranlformer a dio m the right 
irccoon to cause a tube current. 

Sutce the two condetaer^ the lecond 
ary of the tranlformer and the tube 
arc an m aene^ a can be seen in 

Fig 874 or Fig 88 the rendtant 


S=r-^ 


-±/MWlhW/»= 




Fia ii. A pt^ ^ 

the heltc^ b whi ch bo th 
tnd •ecoodery of tmufarmcr 
car yff' t tube coireot. 




[da that acroaa C, plus **' ^ jv 89 where two condenaer. 
Now ui a nmple JLy thevoltagedropacroa. 

of eijual capacity are jom condenser » just one half the E MJ 

of the battery In Fig 87a, when the 
ennent a passing through the two aalvea 
With the condenstn m lene*, we hive ct- 
•entially the same orairt, the t cc ond u y of 
the tramfonner replacing the battery The 
condensen, therefore, arc each charged to 
a voltage of V/2 where 7 a the effective 
voltage developed by the tra n l for mer 

I Hence, m Fig 87i, the effective voltage 

ill I I applied to the tube » 7 + 7/2 -f 7/2 

with b*ttef7ofE3U Teitt, or 27 Figure 90 taken from valve 
hterature by the Phibpi Metahx Company 
u u an actual oidllognphic record ihowing 

the changes m tube current m a Vfllard circuit. 

It will be noted that two valves are uied m the above arrangement. Actu- 
ally thu a not neccuary and m the onginal circuit, only one was used. It was 
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found, bowcrer that by using two ralve*, with grounding and the balanced 
arrangement of Fig 87, more satisfactory operadon was obtained, and, more- 
over, the arcujt was more suitable for use with shockproof tubes. 

We have by no means exhausted the types of rectifying aremta, but, as 
the aim of this book is to e xplain pnnaplcs rather than give exhaustire tech 
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FlO. 90. Aa actual oadHogram of tube cumat wbea onCaary 
tactalli cube U opcratal bf ViUard anut. 


meal details, rt a considered that enough has been grren to make clear the 
fundamental ideas. So far, too, we have conhned our attention to arrange 
ments and devices used for ordinary diagnostic and moderate voltage therapy 
arcurts. We have still to discuts ultra high voltage arrangements, but, before 
doing so It a advaable to consider m detail the properties and nature of x rays 
themselves. 


CHAPTER VIII 

GENERAL PROPERTIES OF X RAYS 

In jectioa 40 it wm pointed out that a beam of x ray* radiate* from the 
focal spot of an X ray tube. In this chapter wc shall docuas some of the 
important propertie* of luch a beam 

78, Photographic Effect, — X rays affect a photographic plate or film, 
or tenimxed paper in much the tame way a* ordinary light. The speed* of 
different photographic emulswni vary and, for the *a m e plate, the speed 
Tane* with the l^d of ray* u*e<L 

79 PUiorescent Effect. — X ray* exntc fluoroctnee in certain *ub- 
ituces on which they falL By fluorescence we meam the emaBon of Tuahle 
hght which continue* u long *s the rap strike the substance. A* it was the 
fluorescent property which led to the ducoTcry of x ray* by Roentgen, it i* 
of interest to quote a few sentence* from a tranalanon of a prelnmnaty com 
municatioa read by Roentgen on Dec 28 1895 before the Phynkaluch- 
medicmischen Gesellschaft of Wuraburg “ If the electric discharge from 
a large Ruhmkorff cod ts paased through a Hittorf Tacuum tube or through 
a fuffioently exhausted Lenard, Crooke*, or lanilar tube and if the tube a 
coTtred with a fairly close fitting enrelope of thin black card, it will be found 
fhai a paper screen placed near the apparatu* and coTcred with banum platino* 
cyanide will become bnghtly lummou* and fluorescent. It a immaterial 
■whether the prepared side or the unprepared side a turned toward* the appa 
ratu*. The fluorescence a still noUceaUe at a distance of two metre* 
the apparatus. It a easy to ettaUnh that the cause of the fluorescence pro- 
ceeds from the dacharge tube and from no other part of the electric ctrcinL 
" The first remarkable feature about tim phenomenon is that we have here 
on agent that can pass through a black card envelope which is impervious to 
the vttible and ultra vwlct ray* of the sun or electric arc and that tha agent 
IS capable of producing vmd fluorescence. The fluorescence of banum platmo- 
cyamde is not the only recognisable effect of the x ray*. Other bodies also 
fluoresce, as for umance the calaum compounds known as pheophorj also 
uranium glaw, ordinary gliss, calcspar rocksalt, etc. 
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“ Photographic dry plate* are sensitive to x rtji, and thii fact b of ^Jeaal 
importance in many respect*. It enable* many phenomena to be recorded, 
thus mabng it eaaer to exclude decqiooni, and whenever poaihlc I have 
checked by mean* of a photographic exposure cTcry more important visual 
observation on the fluorc*cent screen ” 

In radiology two applications of the fluorescent effect of x rays are made 
( 1 ) in the use of a tcresn S ot diagnostic purpose* and (2) m the 

u*e of screem for thortenmg exposure* when radiograph* are being 

made. There are few people nowaday* who art not familtar with the ihadow 
picture* which the roentgenologitt ao often *tudic* when a patient a between 
the X ray tube and the fluoreacent aercen. Intennfying screen*, which arc 
made of such tubstance* a* tungstate of calaum are placed directly m contact 
with the fcnaove emulsion on the photographic plate or film- Whercrer the 
ray* strike the screen, therefore the blush (fluorescent) light emitted (which 
i* much more actinic than x rays) act* on the emulson and so shorten* the 
exposure to a marked degree A reduction a* much a* flrc' to tenfold s 
quite normal Care must be taken to keep the screen clean, for particle* 
of dust win absorb the rtrible fluorescent light and ipot the plate. The expos- 
ure may be itiU further shortened by uxug £lm* senutoed on both sdes along 
with intenfifying screen* on each tide of the film. “ In actual use mtensfyug 
screen* are mounted in rigid holders called cassette*, u order that perfect 
contact may be obtained between emulson and screen ” (Eastman Kodak 
Co.) 

80 Chemical and Dehydrating Effects. — X ray* produce a dis- 
coloration of certain alkaline salts, bherate iodine from a solubon of iodoform 
m chloroform and change the color of certain substances such as bamim 
platinocyanide. 

81 Biological Effects. *— The burns which result from undue eapocure 
of the «^in to X ray*} the beneficial effects of the rays in curing certain tkm 
disease*} the stunting of the growth of young animalsi the production of 
injuries and of genetic change* in cell*j the creation of new ipeaes of planti 
— ttiw are only a few of the many examples of ths important property con 
ccroing which more will be stated later 

82. lonlxatlon Effect. — X ray* make the air through which they pass 
conducting, a* may readfly be shown by placing a charged electroscope almost 
anywhere near a tube. On sending a current through the tube it is at once 
observed that the leaf of the electroscope itcadily fall* until the whole charge 
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hu dmppcarei The rayi Iuitc jomzcd the an- in the ndghborhood of the 
electroscope to an extent which n proportional to the rate at which the leaf 
fall*. Should the cipenment be repeated a number of tiniea, each time pkcmg 
the electroKope at a greater distance from the tube rt would he found that 
the leaf falla more sbwly the further it a removed from the tube. Thu mdi- 
catea that the ionization and so the mtensty of the beam of a rays at a local 
region n greater the nearer the region la to the tube (Section 132 ) 

A* the ionization property a the baia of the most accurate methods of 
estimating dosage when x rays are used 
for treatment, the importance of this 
property cannot be too strongly empha 
sz^ Later details of suitable loiuza 
Qon chambers will be girent at this 
pl wce, however a simple form of elec- 
troscope which has been found useful 
may be noted (Fig 91) The leaf » 
attached to the usual metal support but 
Am, mstead of ending m a knob outsde 
the electroecope o supported by means 
of the msulatmg bead of sulphur S 
The whole » enclosed m an earthed 
metal chamber with a window W cot 
Fio. 91. A dfflpls dectmscDpc fctr ro u gh ered with very Am metal fod through 
whfch I nj. nuy Thcckctro- 
scope a charged by means of a movable rod R which passes through an 
msulatmg support to the outsde of the box. 

83 Penetratitig Effect. — There art few people nowadays who are not 
famihir with the fact that x rays pass through burly th vrk sheets of miftif 
which we ordinarily call opaque A piece of wood a almost as transparent 
to X rays as wmdow glaii a to sunhghL But thm layers of any substance 
are more transparent than thick, and some substances are more opaque than 
others} herein Iks the basil of the familiar x ray pictures. Radwgraphs are 
just shadow pictures, wberem detail a vaihle because of the unequal degree 
to wbch different para of Ae subject photographed absorb x rays. There 
are m consequence corresponding differences m density on Ac p lntn or film 
As the whole apphcaijon of x rays boA for radiogra^y and for treatment 
h bound up wrth the question of absorption of x rays, the question of pene 
trating power will now be considered m detail. 

It IS first of an important to realize that Ac terms opacity, or opaqueness, 
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or traniparency, of a ruhttance to x niy» are Tcr 7 indefinite. An experi- 
mental illiijtratwn will make the point clearer Before the window of a 
charged electroscope of the hnd shown m Fig 9 1 » hung a sheet of aluminum 
several milllmeten thick. On placing a small gas x rajr tube (operated bj 
an mduction coil developing some 10 000 or 20,000 volts) a short distance 
away with its target pointmg towards the window of the electroscope, it a 
found that the leaf of the electroscope remains staUonaiy or falls extremely 
slowly On usmg a larger tube, however, operated by an x ray trantfonner 
on some 50,000 volts, the leaf falls m a matter of a f^ seconds. The alu 
minum u opaque to the first beam of x rays, but fim from it to the second. 
In other words, z rays from some tubes are more penetrating than from others. 

Again, the same bulb when operated under diEcrent conditions emits rajs 
which have different penetraang effects. Suppose a hot filament tube a used, 
with always the same mllhamperage, but at a senes of different voltages. 
Suppose further, that for each voltage the distance of the tube from the elec 
troscope a adjusted to that in each case the leaf MU at the same rate, when 
no absorfamg sheet of metal is present. If now another set of rea d i n gs a 
taken from each voltage, at corre^iondmg dmanca, wnth an absorkng layer 
of metal mterposed it a found that the higher the voltage the more rapidly 
the leaf MU. The concluswn a obvious — the higher the v oltage across a 
tube the more penetratmg are the rays 

Therc arc, therefore, different kinds of x rays which we may describe as 
fiard, msdxum or io\t accordmg as they are very penetrating, moderately 
penetratmg or feeUy penetratmg It will be recalled (section 51) that the 
same terms are used to describe the state of a gai tube, a hard tube bemg one 
for which a bgher voltage is required to mam lam a certam current than for 
a soft one But there is no confutioD of terma, for we have just seen that 
a higher voltage across a tube means an mcrease m the penetratmg power of 
the rays emitted. A hard tube, therefore, emits an excess of hard rays, a 
soft ti^ an excess of soft nys. But the terms hard, medium, and soft, are 
much too elastic for the accurate measorement of so important a quantr^ 
as the penetratmg power and we must seek some means of expressing degrees 
of hardness by defimte piimbers. In other words, we need a scale m terms of 


: qusihv of a nf_X rpjl Bfy ^ rrr^rt-mfA.^ 


84 Quality and Tube Voltage. — Since the penetration mercases with 
the potential difference across a tube, any device, such as a ^lark-gap meter 
or calibrated pnmaiy voltmeter which measures the magnitude of tha quan 
tity provides one means of estnnatmg the penetrating power of the rays leaving 
the tube. (See section 103 ) A number of yean ago, the Bmt Qus&n 
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ttsr tn mstrumcnt for mcjtturmg quality w« on the nurket Tha was 
esacntuUy an elcctroatacc Toltmcter wlucb mdicatcd the tube voltage hy means 
of a pointer moving over a scale marked with numbers readmg up to 10 
No 1 on thn scale corresponded to a very low voltage and to rays which 
were completely absorbed by 0 1 mm of lead and so on until No 10 mdt* 
cated rays so penetrating that I mm of lead was required for their complete 
ahsorptmm Quality was then expressed m terms of these arbitrary numbers. 
Such an instrument a not now used and it a mentioned solely to mdicatc an 
early attempt to estabbsh a scale of quality 

No matter how exact the device for mcasunng tube potcntuls tha mfor 
macort in itself important as it is, a not sufficient to describe accurately tbe 
quality of the beam of rays actually utilized. Tha a true for several reasons. 
(1) As we see presently there a always a mixture of different kinds 
of rays leavmg a target. (2) Two tubes with exactly the same voltage 
do not necessarily emit rays of exactly the tame degrees of penetration (3) 
Tbe hardness of what are ca ll e d cbaracumoc rays (to be daoused later) 
does not mcrease steadily with appbed voltage. (4) Layers of absorbing 
material are commonly placed between the tube and tbe place where tbe rays 
are desued, and these fiiurt as they are called, alter the average quality of 
the rays. More direct means of measuring quabty are therefore desirable. 

In ^jTte of the fact that a knowledge of the magnitude of the p^V voltage 
across a tube does not give suffioent infbrmatxm to describe quahty completely 
m actual practice it a always desirable to give the value of tha quantity In 
tha connection L S. Taylor gives the following rough classification of the 
quahty of composite beams. 

Ultrm-ioft (Grenx) 5 ^ 10 Kv 

Soft (for dbfDocU and wiper£citl U>cjap 7 ) 20 to 120 Kv 

Hard (for deep therapy) 120 to 250 Kt 

Extn4urd or soperJard, freoter dun 250 Kv 

85 Quality and Half Value-Layer (H Vi.) —One of the mott 
meful pncBol mean, of eaprenmg the quahty of a beam of X ray> comma 
m gmng the hMlj-vtUit-Ujrr that a, the thjcineta of tome standard substance 
copper for example necessary to reduce the bitentity of the beam by SO per 
cent. Ohnously the more penetratmg the beam, the greater the necesaaty 
thicbiess. This method it seffl be tranced deals seith the absoipnon of i-raya 
by matter a sery important question wlucli, at this stage, we shall dnciisa only 
m Its nmpler aspects. (See Chapter XI ) ^ 

Suppose an electroscope £ Fig 92 (or any other of the dences for meas- 
unng ramaanon to be considered later), a placed m tbe path of a beam of 
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or tnmjparency, of a lubstaflce to x nyi are rerj mdefirutc. An apen* 
mental illmtration will make the pouit clearer Before the window of x 
charged electroscope of the kind shown m Fig 91 u hung a sheet of alummom 
several millimeters thick On plaong a small gas x ray tube (operated by 
an mductwtt cod developing some 10»000 or 20,000 volts) a s^rt dataoce 
away with its target pointmg towards the window of the electroscope, it a 
found that the leaf of the electroscope remains staoonaiy or fill* extremely 
slowly On using a larger tube, however, operated ly an x ray transformer 
on some 50,000 volts, the leaf fails m a matter of a few seconds. The alo- 
romum a opaque to the £rst beam of x rays, but far from it to the second. 
In other words, x rays from some tubes are more penetrating than from others. 

Again, the same bulb when operated under different condiDons emits rays 
which have different penetrating effects. Suppose a hot filament tube is used, 
with always the same mOhamperage, but at a senes of different voltages. 
Suppose, further, that for each volugc the distance of the tube from tbe elec 
troscope is adjusted so that m each case the leaf fidls at the tame rats, when 
no aburbuig sheet of metal is present If now another set of readmp a 
taken from etch voltage, at corre^nodlng datancea, with to absorbug hcftr 
of mettl interposed, it is found thtt the higher the volttge the more rapidly 
tbe leaf falls. Tbe concluston is obvious — tbe hig her the volttge across a 
tube the more penetrating are the rtya emitted. ~ 

There are, therefore, different lands of z rays which we may describe as 
Aard, m*£wnj or le/t, according as they arc very penetrating, moderately 
penetratmg, or feebly penetrating It will be readied (section 5l) that tbe 
same terms are used to describe the state of a gas tube, a hard tube being one 
for which a higher voltage is required to maintam a certain current rhan for 
a »ft one. But there is no co a f uaan of terms, for we have just seen that 
a higher voltage across a tube means an increase m the penetrating p ower of 
the rays emitted A hard tube, thereiore, enuta an excew of hard rays, a 
soft tube an excess of soft rays. But the terms hard, medium and soft, are 
much too elastic for the accurate measurement of to important a quantity 
as the penetrating power and we must seek tome means of ex pr ejsm g degrees 
of hardness by definite jiumbera. In other words, we need a in tenns of 


84 Quflhty and Tube Voltage. — Smcc the penetration increases with 
the potential difference acroes a tube, any device, such as a ipark gap meter 
or calibrated primary voltmeter wfach measures the magnitude of this quan- 
tity provides one means of csdmatmg the penetrating power of the rays leaving 
the tube. (Sec section 103 ) A number of years ago, tbe J^uahm 
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much viluc nor genendly u»cd unlea the beam of x r*yi has been filtered 
bsjorg my absorption measurements are made to that the softer components 
hare been almost completely removed. The H V L a then a good general 
gmdc to the average penetration of the remainder of the beam although even 


Table XU — absoeftiom or aw * aar beak ar corrzx 


TlnckQm of Co. m mm. 

Intensity 

0 

100 

0 25 

63 3 

0 5 

48 1 

0 75 

39 3 

1 0 

30 45 

1 25 

26 9 

1 50 

23 0 

1 75 

20 6 

2 00 

18 3 


dien rts exact value will depend on the amount of the onguial filtration The 
point ts well illustrated by Table XIU which gives some actual observatioas 
made by Bouwen and Van der Touk on the very penetrating raya leaving 
a tube operated on four diEerent high voltagiea. 


TaILE xm — HALT VAUJl lATXa 


KTVnmln 

FQtntloa 

6 mm- Co. 

Filtnticui 

15 rnm- Ql 

400 

5 1 tnm. Co. 

5 7 mm. Co. 

500 

5 4 

5 8 

550 

5 1 

6 1 

600 

6 1 

6 4 


Note two things. (1) With the same filtration but mcreasmg voltage, the 
rays arc more and more penetrating as shown by the steady mcrcase m the 
H VX. m cither the second or the third column (2) After increased filtra 
Don, m thn case 15 mm of copper as against 6 mm., the beam for any paroc 
ular voltage u more penetrating In the third column, the magnitudes of 
the H VX are aH consistently somewhat higher than those m the second for 
the same voltage. 

Because of the wide range m the penetratmg powers of different lands of 
X rays, the same substance is not suitable for expressing H V X over the whole 
range. Soft rays, for example are so readfly absorbed by copper that 
extremely thm sheets would be ncccmiy m making the observations required 
to determine an H VX Aluminum ts therefore often used as the standard 
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X raya, and that wnjzabon readmgi are taken when auccemre iocreicng 
tbckneise* of a niatenal like copper arc p]accd at £ in the path of the rtyt. 
Results such as those given in Table XIT, an actual set taken by Dr T G 
Stoddard, are obtained These arc plotted m graph 1, Fig 93 



Fio 92. A ilmpk urugcjneot /or mmlnlng ibnptfoo o/ a 
of hf an ftbaorUjif Ujrer L. 

From this graph, rt can at once be teen that the thickneas of copper necessary 
to reduce the intensity of the beam from 100 to 50 units, is, a £rst 

SO per cent tt about 0 46 mm 
If however, we attempt to de- 
scribe the quahty of tha beam by 
stating that the H VX a 0 46 
mm. we encounter a difficult 
The same graph showa that the 
addmonal thickness necessary to 
reduce the mtensity a second 50 
per cent, that a, firom 50 to 25 
units, a not 0 46 mm. but more 
than 0 8 mm Evidcndy the 
penctratmg power of the rays 
which got through the first 0 46 
mm. of copper has increased. 
The conclusion a obvious — th* 
onimsl h**m must con^ 

tmn*d t rmxturt of rsejs^ some 
more penetrating than others. 
The first ahsortang layen, there- 
fore removed a greater percent 
age of the softer less penetrating rays, thus transmittmg a beam with an excels 

of harder rays. mr t 

It may well be asked What, then, a the use of describing quality by H VX. 
if. when you work with a beam In the way wc have juit considered, you do 
not always get the «me result? The answer b that the H.VX. a not of 
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(1) To reduce the mtencty from 100 to 50 unit*, or from 50 to 25 

require* the wme thickne** of ojpper lumcJ/ about 0 86 xmd 

(2) If we coiujdcr the mcrciM: m jd»orption brought about by the addition 
of the same thickness, for example, by 0 25 ronu of copper, the reduction in 
mtensty a always the same fnutxatuxi amount, whether 0 5 mm o increased 
to 0 75 or 0 75 to 1 00 or 1 00 to l^S etc. Thus, reading off the graph 
we find that the first 0 25 mm reduce* the intensity from 100 to 81 7 units 
or about 1 8 per cent the second 0^25 mm from 81 7 to 66 8 or again about 
18 per cent or the third 0,25 mm from 66 8 to 54 7 once more about 18 
pepTxnt. 

(3 ) If the logarithm of the intensity a plotted instead of the actual mtensty, 
the straight line shown m graph 
2 of Fig 94 IS obtained Tiu* 
indicatei that when ab»rpoon 
follow* the exponential law the 
log of the mteosrty decrease* by 
equal amount* (not equal frac 
tioas) for equal changes in die 
thicknesB of the absorber The 
same remit tt shown by the num* 
ben in the fourth column of 
Table XTV If then we wah 
to test whether a curve tt ex 
ponenttal or not, a simple way t* 
to plot the log of the varying 
quantity, not the quantity itself 
If a straight hne is obtained, the 
law a exponentuL By way of 
contrast note graph 2 of Fig 93 
Although tha is a plot of the log of 
the intensity of the beam against 
the thidaie** of abwrbcr graph 2 a not a straight hne because the absorption 
of the beam which a not homogeneous, did not follow the exponential law 

87 ProtectiozL — Before dacusnng in detail the most exact method of 
mcasunng the quality of a beam of i rays (by analyamg it mto constituent 
wave lengths) we may here conveniently make further reference to the 
question of protection It will be recalled that, m section 62 certain fact* 
were given about prottetmg an x ray tube so that, if posable no ray* leave 
the tube except m the direction in which they arc wanted- But even if a 
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substance for loft nyi (20 to 120 Kv ) and for the ultra-soft regfan (5 to 
20 Kv ) celluloid may be med For hard rays (120 to 250 Kr ) copper a 
tbc ujual substance, whde for the lupcr hard region, tin haj been suggested 
for 250 to 600 Kv , and lead above 600 Kv 

86, Homogeneous Beam and Exponential Law — In Chapter X 
we shall learn that it is poseble to separate a beam of x rays into monochro- 
matic components Just as a beam of ordinary bghc a broken up into its con 
ttituent wave lengths. When a monochromatic beam of x rays » examined 
for ahsorptioa in the above manner it is found that no matter what the smount 
of the ongmol filtration^ equal thicknesses of the absorbing material reduce 
the mtenmy of the beam by the same fraction j or, m other words, that the 
H V L remains constant whether the mtenaty is reduced from 100 to 50 
units, or from 50 to 25, or from 25 to 12.5 

Whenever the magnitude of any quantity changes according to such a lawj 
that 18 , whenever, in the case of x rays, for each successive equal thickness of 
absorbing material, the inteatity decreases by the same fraction the change 
follows the exfonantial law Or, to take an example from radioactivity 
whenever for each successive interval of tune the inteiuity of the rays from 
radium decreases by the some fraction the change ij eiq>onential As this law 
a of great importance m radiology the student should try to understand it 
clearly 

TaILX XIV — A« EXAKTLS tUOtTUTDrO ASSOarriDV or A StAU ACCOtPUrO TO THX 
KxronntAP lav i 



In Fig 9+ the curved line, which is a plot of the results given m the first 
two fv^liifTini of Table XIV follows the exponential law that n, it a appli- 
cable to the abeorptun of a pure homogeneous beam of z rays by taccemre 
tluckncases of an absorbing material mch aa copper Study it carefully and 
note the following three things. 
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(1) To reduce the mtenatj- from 100 to 50 un\tt» or frv'm 50 to liS 
requires the same thictnes* of copper, namely, aK>ut 0 So nmu 

(2) If we cQixs>der the increase m aUcrptk'n haui^ht aKiut hj the aJJjtKin 
of the same thxkncss, for e.'oinple, by 0»25 mm of cofpct> the rtdvKtfcm m 
intensity n always the same jracaonJ amount, whether 0 5 mm » mvreA»<%l 
to 0 75 or 0 75 to I 00 or I 00 to 1^5 cw Thus, reading otf the ^^•‘ph, 
we find that the first 0 25 mm reduces the mtcnsii) from 100 lo bl 7 ninu 
or about 18 per cent the second 0 25 mm , from 81 7 to 6o 8, or a^um about 
18 per cent or the third 0.25 mm from 66 b u> 5+ 7, m»cc moic aUiut IS 
perxcni. 

(3) If the logarithm of the mtennt) u plotted instead of the actual iiitciiHl), 
the straight hne shown m graph 
2 of Fig 94 ts obtained This 
uidicatei that when absorption 
fbnows the exponenoal law, the 
log of the mtensty decreases by 
equal amounts (not equal frac* 
etooi) for equal changes in the 
thickness of the absor^r The 
same result a shown b) the num 
bers in the fourth column of 
Table XTV If then we wish 
to test whether a cupre a ex 
ponentlal or not, a simple way is 
to plot the log of the rarying 
quantity not the quanocy itself 
If a straight hne a obtained the 
law ts cxponcntiaL By way of 
contrast note graph 2 of Fig 93 
Although tha is a plot of the log of 
the rntens^ of the beam against 
the thxkneii of ebmrber graph 2 li not a itraight Kno keniM llio flUjiplliil 
of the beam which B not homogencouj, lUil not follow llio ca|« iicmbl law 

87 Protection. — Defore dociming In Jttall the rntnl e«atl incihod of 
meaatmng the quality of a beam of x ray. (by analy/Jii^ It Into conitituent 
ware length,), we may here conTcniently make fuillitr reference to the 
quettion of protection It wiU be recalled that, In wtlkni 62 certam fact, 
trere green about protecting an X ray luk v, that, f( ^ 

the tube except m the direction m which they ate wanted. But eren if a 
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tube a adequately protected in tha way, protection must be provided from 
the direct beam itself If suffiaently penetratmg, thu beam nuy eaafly paa 
through the walls of the tube room, causing Injury to people in an adjouiiag 
room who may be completely unaware of its presence In the diagnostic or 
treatment room itself, great care must be exercised by those actually usuig 
the beam In screening, for example, where diagnosis is made by visual 
observation of the shadow pjcturo on a fluorescent screen, the dagnosopan 
who 18 m the direct path of the rays, must be protectei This a accomplnhed 
to a considerable extent by covenng the screen with transparent 
of suffiaent tlucknea to absorb most of the rays which strike the scrol^^ 

Again, just as a beam of ordinary light a scattered by fine dust particlet 
m the air, so a beam of x rays, on sinking matter, may be scattered in all 
directions and be radiated to places far removed from the direct path of the 
rays. (Sec Chapter XI ) 

So important a the question of adequate protection that the International 
Congress of Radiology has drawn up certain recommendations. These arc 
pnnted in an appendix at the end of this book. At this stage, we direct 
attention to the foUowmg 

(1) Since in the beam which leaves a tube there » always a mixture of 
soft and hard rays, it a generally necessary to remove the »fter components 

Taata XV — sncTTAixrr uuo 'nacuui roa aDanvaia raoTaonoa 


Peak Voltage 

MjaimuiB Lead Egohralent 

75 K.T 

1 0 mm. 

100 

1 5 

115 

2 0 

150 

2 5 

175 

3 0 

200 

4 0 

250 

6 0 

900 

9 0 

350 

12 0 

400 

15 0 


by filters. For example, suppose a deep-seated tumor is being treated by rays 
which, of necooty must be fiurly penetrating If the soft rays were not 
remov^ by filtration they vrould be absorbed by the skin and mCervwmig 
tnsue, with consequent danger of senous mjury 

(2) We have already cmphasiacd that the higher the tube voltage, the 
ereatcr the average penetration of the x ray beam. Suitiblc protection against 
50 000 volts rays will not then bo adequate for 200 000 volts. Cornequendy 
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protection rules speedy the aeceasarj tammum ducincM of aiaorbing matenil 
for * range of yoltiges. Because of iti great denuty and availability lead 
B more or less taien m a standard substance in speafying suitable tbicintsacs 
of absorbing material (see however, section 120} ITiui, m Table XV 
from the Recommendations of the Bnosh X Ray and Radium Protection 
Committee, the numbers m the second column give the minimum equivalent 
thicknesses of lead for adequate protection against rays generated by the peak 
voltages in column one. 

Taiki XVI — aacrviuxar TncaaiMU or lead roa aow 


Eqtdvalcnt TfajckMM of Iron 


Lead 

Equivalent 

- I 

Kv 1 

200 

Kt 

300 1 

K.V 

1 1 

400 

Kt 

null am 

gmmma 

fiyi 

1 nuD. 

llmoL , 

12 CD01. 

12 nun. ^ 

U mm. 

1 2 5 


25 

27 

20 1 

le 

1 5 


37 

¥i 

2S 1 

23 

' 7 

■■1 

SO 

55 1 

35 

1 a 

1 ‘ ^ 


If lead itielf b used, these are the actual thjcknessea required If, however 
some other material ts to be used, then by actual expenment, the equivalent 
lead thicknesi must be found. For example m Table XVI and Table XVII 
will be found equivalent lead thicknesses of iron and of concrete (2 parti 
ballast, 2 parts sand, I part cement) as found by the National Phyn^ Lab- 
oratory England. 


Table XVII — EQurTALEirr TmeanMu or LKm roa ooaoEETE 


Lead 

Equlrtlenc 

Eqainlent Tlucfcnrw of Concrete 

150 

Kt 

200 

Kt 

300 

Kt 


rmdJitrm 

Ssmiui 

1 

85 

80 

60 

50 


2 

160 

150 

95 

75 


3 

>30 

210 

125 

100 


4 

295 

275 

ISO 

120 

29 


Tliiil, when UJMg I ny, gtncr.Kd .t 200 Kv the eqmrujcnt of + mm 
of lud ■■ obtamed by 5 5 cm. of iron or 27 5 cm of thn kind of concrete 
It 15 mterettmg to note that at the highest rojugei grren m the tables, both 
iron and concrete, rtUtrvely to UtU become better absorbers. 








CHAPTER IX 

ELECTROMAGNETIC WAVES 

For many yean after their dacoYcry hf Roentgen in 1 895, the exact nature 
of X rayi waa a subject about which there wai much ipecula&am Although 
Roentgen hnmelf thought of the new rays os a ware phenomenon it was 
not until 1912 that conclusive cvulcoce concerning thar nature was given- 
In that year, however, as a result of the work of Lauc, asssted by Fnednch 
and Knippmg, it was experimental^ demonstrated that the phenomenon of 
mtcrfcrence could be obtained with x rays, and that consequently they were 
without doubt a form of wave motion The pionetr work of these men at 



once led to methods of measuring the constituent ware lengths of a beam of 
z rays. Before discusmg this question In detail, it is desirable to give a brief 
review of electromagnetic wares, with particular reference to those of l*>* 
logical unportanec. 

83. The Spectrograph- — The student wiH recall the familiar fiictj 
about the ruible spcctruni- When a beam of white hght passes through a 
p ritm, a spectrum ranging from red to violet is formed, because red light b 
devuted )yy the pnim less than yellow yellow less than green, green le« than 
blue, and blue less than violet. A common arrangement for obtxmihg a 
focused spectrum on a screen or photographic plate is shown m Fig 95 where 
S represents a narrow iht illuminated by the hght source to be examined and L, 
B a coUimatmg lens placed at its focal distance from the sht so that a beam 
of parallel rays emerges and falls on the pram, P The hght emerging from 
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the pram n collected by the leni Lt »nd focused on the screen or plate JB 
Since each land of hght a deruted a different amount by the pram there are 
as many emergent bundles of light as there are kinds in the original be a m 
and hence a correspondmg number of focused images on the screen. In the 
figure /j and /* there are two such images. 

When a photographic a used permanent records, such as illustrated 
m Fig 96 and Fig 97 are obtained the whole arrangement constttutmg a 



FlO. 96 , The coatmaoai ep e ctni m emitted as innndocent limp or anj white hot ■did, 
with hchum tp c cinim npeiunposcd. 

spe ctr ogr a ph If the source of light is an incandescent lamp there are so 
many contocuent wave lengths that the images orerlap giving a continuous 
i pwu ’ Mfn fiirh a Fig 96 Many tourcea, however such as luminous hydro- 


Sill i 



Ftt. 97 Uoeipectrt in the nwhfcrt^oo, emitted by 1, hydrogen, b,heihnH, 

and c, mcrenry vapor 

gen or mercury vapor emit only isolated wave lengths, giving spectra like 
Fig 97 where each spectral Ime corresponds to a definite wave length. 

89 Measurement of Wave Length. — The determmatjon of the 
actual wave lengths of these ^icctral Imes n an important practical problem 
Every method is based on the prmople of interference that a, the pnne^e 
that when two (or roorfc) hght beams are superimposed the resultant may 
be either bght or darkness, dependmg on the phase difference between the 
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For many yean after thar dttcovery by Roentgen m 1895, the exact nature 
of X rays was a subject about \^htch there was much speculation Although 
Roentgen himself thought of the new 0)1 as a ware phenomenon it was 
not until 1912 that conclustvo evidence concerning that nature was given. 
In that year, however, as a result of the work of Laue assisted by Fnednch 
and Knfpping, it was expenmentally demonstrated that the phenomenon of 
interference could be obtained with x rays, and that consexjucntly they were 
without doubt a form of wave motion The pioneer work of these men at 



once led to methods of measuring the constituent wave lengths of a beam of 
X rays. Before dtscuamg cha question m detail it is desirable Co give a brief 
review of electromagnetic waves, with particular reference to those of bo- 
logKal importance. 

8& The Spectrograph. — The student will recall the famihar facts 
about the vniblc spectrum When a beam of white light passes through a 
pram, a spectrum ranging from red to violet is formed because red light a 
deviated by the pnsm less than yellow yellow less than green, green leas than 
blue, and blue leas than violet. A common arrangement for obtaining a 
focused qiectrum on a screen or photographic plate is shown m Fig 95 where 
S reprcaenti a narrow iLt iHununated by the light source to be examined and Lx 

a coUimatmg lens plarrd at its focal distance from the sht so that a beam 
of rays emerges and falls on the pram, P The light emerging from 
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r 

Suppose now that at a value = the path djffertncc between njccc»- 
five ray* n exactly one wave length that is, that s an — X. Then the ray* 
for tha particular direcoon when superunposed all arrive in step or in phase, 
n»infn lying e ffh othcT, and a vcry bright image result*. Other bright image* 



are obtained m the ipeoal direcGOQS 9^ $t $ etc., where / sn = 2Xj 
r am = 3X} ^ sm ^4 = 4X etc With the arrangemeiit shown in Fig 99 
then the original beam 06 monochromatic bgbt give* nse to a central bright 
image or ord*r at P (where the ray* remforce because the path difference 
between any two ts zero and again all are in step) first order image* on other 
side of P at 53i and corresponding to the an^c 

fli second or^ imagea at Qi and Qt co r r esp ond 1 — I 

mg to tf, and poasiblf higher order*. t__. g"' 

If the original beam instead of being monochro- 
matic, consati of a mixture of wave lengths, we JA?.-- — 
obtain a senes of fint order image*, one for each , \ _ 

constituent wave length, and another sene* of second ^ j 5 — •-y** '**^ 
order images or the hght is ^read out mto a first I 
and second order spectrum (and possibly higher 
orders) If for each image m a spectrum we 
measure the corresponding 9 and 9^ (u we can 

miij do b, mum of a iptctromcter) then the wave Icogthi can at once be 
found, from other of the relation* 

X = j»n5i or 2X=xonet, 


provided that the magnitude of j is known 

Instead of a transmmam giatmg a reflection grating ti often used. A 
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duturbancct. If two bcaxnj are exactly to itep, crcjt meeting crest, troogh 
meeting trough, there a a resultant maximum disturbance, or bnghtneaj jf 
the two ore exactly out of step, crest of one meeting trough of the other, there 
IS darkness. One such method for craluating wave lengths, which the student 
IS asked to recall because of ns connection with x ray work, use of the 

diffraction gratmg 

If water waves strike a barncr with an opening such as I/, Fig 98e, wbeh 
a small m comparison ivith the wave length of the waves, the disturbancs 
spreads out from the opening in oU directions. Similarly, if a beam of mono- 


chromatic light strikes a narrow opening, of wulth say mnn, as m 


Fig 98^, the light too spreads out (or JS diffracted) over a wide angle Now 

consider a surface on which there 

IS a large number of small open 

^ ' ings, spaced at regular intervals, 

^ > as in a transmission grating If 

- — . ^ a beam of parallel ra)'s of moao- 

chromatic light is modent on such 
~ ' ’ » grating, somewhat as shown in 

a ^ " jj Fig 99 light spreads out from 

1 ' each opening If tha diffracted 

Flo.9(l. Wl«npU».-..aorpu.M™,.Mn)» tJl.” 
u obstacle vith u «pmur« of width companhle point in its focal plane there will 
with the ware length, the wart dUturbance . . - - - „ , f , ■ n-,.n.rT.^1n 

spread! oat from ^aperture. be a supcrpositjon of as many httlfl 

bundles as there are openings in 
the gratwg Figure 99* shows the superposition at P and at of the 
buniEes in two directions. 


It IS important to note that since the rays which are superimposed at any 
one point are all inadent on lens L* in the same direction, the path difference, 
that tt, the distance one ray trarels farther than its naghbor is the same for 
e ach successive pair of rays. Thus, using Fig 99 or the enla rgem ent m 
Fig 100, ray 2 travels a path from the grating to Qi which a greater than 
the path for ray 1 by AB ray 3 a path greater than ray 2 by CD — AB^ and 
BO on for eyery successive pair Moreover the actual magnitude of this 
py ifh difference is easily seen to be r sin 0 where j » the grftmg tUmtnty that 
a, the dstaace EA or AC from one opening to the nextj and d is the angular 
distance of the pomt Qi from the onginal direction of the beam of light. This 
path difference, then, steadily increases, the greater the angle Q 

• Altbooffa in an gndnf then may be (evanl tbogeud enaQ openings, in tUs 

only a few are shown. In order to asMkm clear the underlying Ideas. 
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91 The Infrared* — The itudent will reciD thmt the ipcctrum doe* not 
end with the region where the eye cca*c* to h*ve the *en*abon of red* 
Beyond the vniblc red a an mT«ble region of longer wave length*, caDcd the 
mjrartd^ a region which may readily be made CTidcnt by the nse m tempera 
ture of a tcnsmve mjtrument such aa a thermopile or radjometer or even the 
blackened bulb of a thermometer Infrared ray* are lomecmes called heat 
ray* became of this development of heat when they are ab*orbcd, but the name 
a misleidmg imee the energy of rmble and other electromagnetic wave* on 
absorption i* also changed mto heat. 

At least part of the infrared region may be eva mined photographically 
because m recent year*, emulnon* have been developed which arc scnnove to 
of tha region Figure 1 02 for example, is a photograph of the spectrum 




Fro. KH S p ecer u a In cbe oea Infrared. 


off the iron arc showing wave length* extending beyond 8500 angitrom*, 
r^UTt altogether from spectrum work, infrared photography has important 
applicationt, although mo*t of them are not of speoal mterest to the medical 
Indent. Many of the appUcaoons anse from the fact that infrared ray*, 
n^usc of their longer wave length*, are les* scattered by fine particle* of 
must or fog m the atmosphere and so are much more penetratmg Details 
of distant landscape*, for example, stand out with remarkable deame**. 
Indeed, moimtam range* have been photographed at a distance of several 
hundred miles; and from airplanes well over four miles high mfrared photo- 
graphs showing detailj over a wide range of terrain are 

* 92. Infrared Radiation in Medldne. — Whether or not infrared 
radiation has any specific value m mcdicmc, the wntcr of this book ti not 
prepared to say One thing, however is certain The longer wave lengths 
m the near infrared can penetrate superficial tissue more readily than visible 
or ultraviolet radiation and to readily cause a nse m temperature on ahsorri- 
tjon Specific claims of the value of infrared radiation should be carefully 
examined because any benefiaal effect may be due largely or entirely to 
temperature. ^ 

93 Electnc Wave*. — 1„ Clupttr XVI cermn dtuil, .bout ruouUr 
«caL.tmg ciccmc curreaa wil tw gnren. Such oKfll^joa. generate eleoZ 
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good rcBection grating n made by rtiling, with a diamond point and a dindmg 
engine, a aencs of regularly spaced grooves on polished speculum metaL If 
such a gratmg u made on a plane surface and a beam Is incident as in Fig 101, 
the bght u diffracted and bundles of rays m the same direction are supenmo 
posed by a lens at ^ with the transmission grating For exactly the same 
reason as given abo>c, spectra are obtained, and a complex beam a anilyaed 
mto Its consDtuents. In another >ery important type of reflection grating, 
rulings are made on a concave surface. \^th this type, it is possible to obtain 
supenmposed bundles without the use of a lens. 



90 The Angstrom and Millimicron. — Measurements obtamed wrth 
gratings (and other means) show that the visible spectrum contains wave 
lengths ranguig from about 0 00004 cm. at the violet end to ibghtly greater 
than 0 00007 cm at the red end. When isolated wave lengths emitted by 
different substances are measured, we obtain such values as 0 00007682 for a 
potassium red hne 0 00006563 for a hydrogen red hnc, 0 00005790 and 
0 00005770 for two bright mercury y^ow lines, 0 00005461 cm for a 
very bnght mercury green and so on for literally tens of thousands of 
measured linea. Since these wave lengths are so very small, for conrezuence, 
of using a centimeter as unit of length the tngsirom and the 
lomcroH are often used. An angstrom (called after Angstrom, a Swedish 
pjonecr in spectroscopy) a equal to 10^ cm. A micron bong equal to 

— ^ mrm, a millimicron a of ■ micron or 10~* mm- or 10~^ cm 

1000 1000 

The above wave lengths may then be written m angstroms as 7682 6563, 
5790 5770 5461 and in mflJimrrpna or m^ as 6563 579 0 577 0 546 1 
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95 Sources of Ultraviolet. — Attention u directed to the following 
sources of special interest to medical students. 

(«) An arc or other electnc dacharge through mercury vapor With 
such a source the spectrum of Fig 104 was taken. Note that the radiation 
a confined largely to isolated wa>e lengthSj some of 
which are much more intense than others. 

(h) Any open arc, such as that between the carton 
poles of a projection lantern or between any two 
metal rods. 

(c) Th* Sutu Under the most ^vorablc con 
(htions, such as high noon m midsummer the short-* 
est wave length in the solar spectrum is m the 
neighborhood of 2950 Ordinary window glass, as 
we have already noted will transmit nothing shorter 
than about 3200 

According to figures given by F S, Brackett of 
the Smithsonian Institute, of the total solar energy 
radiated, from 1 to 5 per cent a in the ultraviolet, 
from 41 to 45 per cent m the vi^e and from 50 to 
58 per cent m the infrared. 

The amount of indirect radiation from the aky 
u distingiQshed from the direct rays of suiuhine, 
depends on the wave length but for the region 
2900-3200 U m*y *xc44d thtt of ths direct btsrru 

(d) If an bcandescent lamp IS to be 
used u a sun substitute for ultraviolet, the bulb must 
be made of glass tran^iarent to at least 3000 
angstroms, and the luminous source must radiate Fio- 103. Schimnde repre- 
w.Te leof^ a thort tlm Imut. Two lijffcrtiit 

means have been used to fulfill the second condition 

(j) Lamps such as Mazda S-1 and S-2 contain mercury so that when m 
opendon there is an arc between tungsten terminals, m an atmosphere of 

I S 8 1 S i 8 I 

— rm«i 


■■I • ' • I 


Fio. 104. TH* aur oltrsTkiict sp c tirum of memgy vapor 

meremy vapor The rciultmg spoemnn u » comWtjon of . coitmuoni 
hand in the red and green region plin characteruoc mercury vapor linea aa 
far ai the Hrong Ime 2967 (tec Figj. 10+ and 105) (n) By conitiuctuig 
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magnetic warn oj Hertz first showed in 1887 The work of Hertz, which 
expcnmentally confirmed the predictions of Majcwell, put on a firm 
the electromagnetic theory of light, and was the real beginning of wireless 
telegraph) Light wa\es and waves generated electrically arc of exactly the 
same nature Many of their properties, rt is true, are different Thus some 
electric waves pass readily through a brick wall, whereas vuible hght waves 
do not But, in spite of differences in properties which insc from differences 
in ivave length, the essential nature of electric waves, light waves, and all 
the others considered m this chapter ts exactly the same They arc all 
electromagnetic periodic disturbancct traveling in free space at a speed of 
186,000 miici or 3 X 10** cm per second. (See section 197 ) 

As will be seen m Table XVIII, the longest infrared waves arc shorter 
than the shortest waves generated electrically On the other band electric 
waves may be Kvcral miles m length 

Tailx XVlIl— 'Havoc or EucraouAOirzno Watc Lxvotus 


Etceme iaJ Hertzun 

204* tsllca 

toO 32mxn. 

Infrared 

0 4 mj& 

toO 0007 mra. 

Vmble Light 

0 0007 ram. 

toO 0004 mm. 

Ultrsriokt tod 

orTOOOA 1 

to 4000 A. 

Extreme ultranolct 


to 40 A. 

X-rays 

1 500A 

1 toO MA. 

X-rays b radiology 

1 0 A (approx.) 

toO 06A. 

Gamma 

03A 

toO 006 A. 


Figure 103 depicts the range of electromagnetic wares ui schematic £onm 


94 The Ultraviolet- — Beyond the violet end of the rmhle spectrum, 
another mvmble region the uUmtoUtf ts readily rercaled other by photography 
or by means of the fiuorescent light emitted when ultraviolet rays fall on 
certain substances. Figure 104 ts a photograph of the plectrum of mercury 
vapor m which the wave lengths of most of the ^lectral lines are in the 
ultraviolet region Since ordinary glass completely absorbs wave lengths 
shorter than about 3200 angstroms (see Fig 105) a qjectrograph for the 
analyn of the ultraviolet must use pnsms and lexises of some other matexiiL 
By far the commonest ts quartz, which is tran^iarent to wave lengths as short 
as 1850 The use of fiuonte extends the limit to about 1200 and of hthmm 
flixinde to about 1083 In tbs r^xm absorption difficulnes b eco me very 
great. Air itself at atmospheric pre»urc because too opaque for the mrcsti- 
gaOon of wave lengths in the eaareme ultravaJet, and vacuum ipectrognphs, 
,Tith concave gratings, become necessary With tins type of instrument 
wmrt Icngthj u thort m3 +0 MDgtmna Iwrc becjl pbotognphed. 
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To camime the effect quantitativeiy fim of »I1 some biological reaction 
must be agreed on « a gtandjird, or aa near a standard as t$ possible m bwlogical 
work where wdiTiduala differ so much The standard effect commonly 
adopted u the mtmmwjn ftrc*fiibU tryth*ms or the M P.E , which may be 
defined as a barely perceptible reddening of an average untanned sfan> 
The **dose ” necessary to produce an M P E must next be determined 
If there were a nngle constant source of ultraviolet radiation this would 
mvolre onlv a dctenninatjon of the tune necoaary to cause an M PE For 
example, the Maxda S-l sunlamp, at a dntance of 30 inches, produces an 
M PE in from 5 to 7 nnnuces. But everybody docs not me Mazda S-l 
lamps, and even the layman knows that the useful ultraviolet content of the 
tun Txncs tremendously with the season of the year It a therefore necessary 
to hare some means of measunng fundamentsEy the actual intensity of the 
ultraviolet component of the radution which is effective m producing erythema 
Over a wide range of wave lengths, extending from the infrared to well 
down m the ultraviolet, intensity may be measured by any stnsarre detector 
of the me m temperature which i> 

results from the absorption of rademt ~ 

energy For tha purpose the ther- ________ « i 

mopde the thenikicouple, the bolom r ^ 

eter and the mdiomccer arc ill used, j 

In ukng an instrument like the / 

thermocouple one may ether mea»- i 

UTe the fntcnjrty of the beam ss a ^ 

T.holc,orthcbcamm>ybeKiar2tta 

mto rti constituent wa\e length and part of « dectn»copc, tb« dectroacope if 
the relaOvc mtenstea measured by iK**ovdy cha/^ad loieaicicWge. 
moving the thermocouple along the spectrum In the latter case some form 
of amplification is desirable 

If the ipeafic problem is an exanunabon of the intensity of the erythema 
producing rays, the remainder of the rays cart be removed by a suitable filter 
This a what u effectively done when use a made of the fhotgeUcirtc t§«ct, 
a phenomenon uhich may be demorwrated bj the following simple expenment- 
Suppose an uisulated tme plate ? Fig 106 is joined to the knob of an electro- 


scope, and that the syttem ti ncgaovely charged With proper msulation the 
leaf of the electroscope remains for some ome with deflection unchanged- 
If however light from an arc lamp is allowed to faD on the metal pUtc the 
electroscope leaf qiackly falls. If the system a posuvely charged no such 
dtscharge takes place The discharge when the plate u negauvely charged 
b caused by a photoelectrtc emission of electrons from the surface on 
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* lamp, such as ihc Maxda C-4, so Uut the filament temperature n con 
«tlcr*bly higher than normal, the emitted radiation extends into the ultrarxilct 
ncarl) but not quite as far as the solar spectrum 

An ordinary incandescent lamp with tungsten filament a not of much use 
as Q source of ultrarwlci c»cn with a quarts cni^clopc, because, although any 
hot body radiates a continuous spectrum, the region m which maxunum energy 
occurs depends on the temperature, and unless this ts higher than the normal 
operating temperatures of tungsten filaments, there a very hale In the ultra 
violet. A hot iron ball, when scarcely nsiblc or even mvmble m the dark, 
radutes energy and may readily be photographed m the dark with infrared 
plates. This is because the region of nuximum energy o In the infrared. 
(Inadcntally this u the reason uifrarcd rays are sometnnes mnleadm^y 
called heat rays.) If the temperature of the iron baB is raised, it becomes red 
hot, m accordance with the law that the higher the temperature, the shorter 

the wave length m the regno 
§ 2 i S ^ ^ maximum radiauon. In the 

solar spectrum, the regwn of 
maximum intensty is around 
5000 angstroms. As ths cor 



Fio. 105 Spectrm of ma rtt r? vapor (•) -nithoDt respondj to a temperature of 


the most powerful incandescent 


lamps, maximum temperatures are only about 3350*^ absolute, we see how 


difficult it IS to reproduce completely the solar spectrum by high temperature. 


96, The Use of Ultraviolet m Medicine. • — Reference will be made 
to three ways m which ultraviolet bght o of unportance to the medical student 
(1) MS an agent for the production of eiytbemai (2) as an agent for Hllmg 
bai^naj and (3) as an agent for the manufarture of vitamin D As alw^ 
in this book we arc concerned pnmarily wnh basic physical ideas. 

Few people are unaware of the effect of aunbght on the skm. To examine 
thtf effect taentifically some relation must be found between the bsologual 
effect — the reddening of the skm followed by tanning — and the mtemity 
and the quality of the radiation As far as quality goes, examination of the 
effect of different wave lengths show* that ultraviolet light a necessary for 
tann ing and that, if we restrict ourseJvea to mnhght, the most effeenve range 
a between 2900 and 3100 angstroma. It a, therefore, onty the e aiieiij e 
short wave length end of the lolar spectnun which, a useful^ m fact, the useful 
component » so near tha end that during the shortest days of the year the 
dythema-produong component » negligible. 
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certim number of these agreed iipon as a unit of radiatwn mtenstj Then an 
mtenstj of tha magnitude delitercd for a specified time would constitute a 
unit of douge Although tha procedure has not come into general use, it 
has been followed by special workers in tha field. As an example, a bnef 
reference a made to work done Luckieah and collaborators at the Lightmg 
Research Laboratory of the General Electric Company The umt of dosage 
adopted a the E-vdon hour far tq cm where the E viton per sq cm a a 
unit of mtenaty defined as 10 microwatts per sq cm. at 2967 angstroms. 
Ware length enten mto tha definition because of the differences m the 
abdrty of different wave lengths 
to produce an erythema. In 
order to find the number of 
microwatts per tq cm. equal to 
an E viton for another wave 
length, use must be made of a 
curre such as that given in Fig 
108 showing the relitrre ef 
fectiveness of different wave 
lengths in the production of 
erythema. Such curves have 
been obtained by Luebeth and 



other workers. Suppose we Fnj. 108. Canr stowing relative effeettvenew o/ 
1 _ , , T' r mfferent wave ksstiu lo the pfodnciKo o/ 

wah to find the E nton for oyttema. (Alter Loefaab and co-TOim.) 

wavelength 3022 Wc consult 


the curve reproduced m Fig 108 noting that when the effectiveness of 2967 


a taken u I that of 3022 a only 0 55 For tha wave length, then the 
10*1 

E viton a or about 18 microwatts per sq cm. 


Making use of such ideas, General Electric workers have recently (June 
1937 and October 1939) published curves showing the number of E viton 
hours per sq cm of erythema producing solar ultravwlct radution received 
on a horizontal plane each month for a penod of four years. Their results 
give nuraben ranging from as low as 27 for December to 452 for June. It 
is interesting to note al» that the highest mtensity recorded dunng the whole 
four years perwd was about 4 20 E vitons per iq cm. “ This, these 
workers said, wffl produce an M P.E on average untanned ikm m about 
10 minutes. 


Bj- utpojfag KTcril mtn to lunlight m the month of July it wjj found 
that the .verage dote necemiy to produce jnhLPE mulofanEntoo 
hour per sq cm. 
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the Ught a InciJcnt. A photoelectric cell a a refined dtrice mahng 
tha pnnaplc In one form, a highly evacuated tube T Fig 107, has 
an anode conttiting of a single wire or ring projecting Into the tube, and a 
cathode, a Urge area of a metal surface spread over a part of the made walL 
When such a tube a inserted in a circuit, os shown in Fig 107, and bght fail* 
on the mctalhc surface, a current is indicated by the galvanometer G because 
^ of the photoelectric emission of elec 

0 trom from the surface. 

In connection with the relatton 
I between this current and the nature of 
the incident light, two important facta 
should be noted. (I) The magni- 
tude of the photoelectnc current is 
directly proportional to the intensity 

l)l]l]l)l] * ofthemodenthght. Tbegalvanom 

V—' eter reading, therefore a a measure 

^'oie Si (2) For 
any given metalbc surface, tvare 
length longer than a certain cnocal value do not cause any photoelectric 
emiaaon For example, if the above eiq>enment a repeated a piece of red 
glass in front of the zinc pUte the electroscope a not discharged, because for 
zinc the cnocal wave length u about 3020 angstroms, and the hght transmitted 
by a piece of red glass includes bttlc shorter than 6000 angstroms. 

The value of the cnocal or threshold wave length depends markedly on the 
nature of the surface Thus, for the element caemim it a 6810 angstroms, 
for sodium 5830 for alummura 4770 for silver 3250 for cadmium 3140, 


and finally for an alloy of cadmium and magnesium 3350 For the esamina- 
tton of the intensity of the erythema-proaucoon component of solar radunon 
I photoelectnc cell with a cadmmm-magne«um surface a parttcularly useful, 
because la spectral sensitiTity a such that it responds to the ultraviolet energy 
of vanous wave lengths approximately m accordance with their effcctovtntaa 
in produong erythema or sunburn It should be borne in mind that the 
region of wave lengths for which a photoelectnc surface has a mMxtmum sen 
fiOTity IS somewhat below the cntkal wave length. For a cad mium - 
magncBum surface, the greatest sennnTity is around 2800 angstroms. In 
the production of eiythema the most effective wave lengths are m the region 
2950 to 3000 Note (tee Fig 104) that m the mercury spectrum a fairiy 
strong Hne occurs at 2967 

To measure dosage the galTanometer readmgi must be translated into 
fundamental units of intensity such aa ergs per »q cm. pw second, and a 
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certaaa number of these agreed upon a* a umt of radaGonmttnsrty Then m 

mtenirty of tha magmtude delivered for x jpeofied tune would constitute a 
unit of dosage Although tha procedure has not come mto general use, it 
baa been folbiwed by specud workers m tha field. As an example, a brief 
reference a made to work done by Ludbeah and coHaborator* at the Lighting 
Research Laboratory of the General Electric Company The unit of dosage 
adopted a the E-vOan hour frr iq enu where the E viton per sq, cm a a 
unit of mtcnsity defined as 10 microwara per sq cm. at 2967 angstroms. 
Ware length enters mto tha dcfimQon b«ausc of the differences m the 
abflity of different wave lengths 
to produce an erythema. In 
order to find the number of 
nncrowitti per sq cm. equal to 
an E viton for another wave 
length use must be made of a 
curve such as that given m Fig 
108 showing the relative ef 
fectiTeiie» of different wave 
lengths m the produetton of 
erythema. Such curves hare 
bMn obtained by Lucktesh and 
other workera. Suppose we 
wah to find the E nton for 
wave length 3022 We consult 
the curve reproduced m Fig 108 noting that when the effecovenct# of 2967 
tt taken as 1 that of 3022 a only 0.55 For tha wave length, then the 
10 '^ 

E nton n or about 18 mi cr ow a tts per iq cm. 

Making use of such ideas, General Electnc workers have recently (June 
1937 and October 1939) publohed curves showing the number of E nton 
hours per sq t-m- of eiythcma-produnng solar ultra\x)lct radutioo received 
on a honaontal plan<» each month for a period of four years. Thar results 
give numbers ranging from as low as 27 for December to 452 for June. It 
IS interesting to note also that the highest intensity recorded during the whole 
four years perwd was about 4 20 E vitons per sq cm “ Tha, these 
workers said, “ will produce an M P.E, on average untanned skm m about 
10 minutes.” 

By eiposmg several men to sunhgfat in the month of July it was found 
that the average dose necessary to produce an was } of an E iiton 

hour per sq cm. 
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97 Bactericidal Effect of Ultraviolet. — Certain corporatjoni juch 
as the Wcstingbouse have on the market small stcrilmng lamps with such a 
low pov.er consumption that they can be used inside a refrigerator The 
radtatun from these lamps )t ts claimed, has a bactcnodal effect, preventing 
the formation of mold, for example A desenpoon of one such lamp states 
that It consumes 15 watts and that 95 per cent of its radiant energy ts emitted 
as wave length 2537 Note that this wave length, one of the strong ipectral 
lines m the mercury spectrum (kc Figs. 10+ and 105) ts m a region much 
shorter than that of the crythcraa-produang ra)^. Many mvesogaton have 
shown that the wave lengths m tha region have a strong lethal effect for many 
bnds of bacteru One mvesogation for example showed that ware lengths 
rangmg from 2536 to 2225 were much more effective in IcQlmg typhoed 
bacOh than the ultranolet region near the Tmhle spectrum SunLght has 
undoubtedly a sterilizing effect on some organisms but the quartz mercury 
vapor lamp, or any source nch m the emmion of raxiutions in the regioo 
3000 to 2200 IS a for more effecove agent. 

98. Production of Vltanffn D — Ultraviolet of selected wave length 
n of great unportance m the production of vrtarrun D, the organic agent which 
promotes normal calaum mctaboltsm, TTic absence of vitamm D from a diet 
means imperfectly calaficd bones. Children whose diet is deficient m vitamm 
D may develop iKkets and, if they do, they may he cured by nradution of 
ultraviolet m the erythema-produemg bond, 2800 to 3000 TTie cure b due 
to the fact thas when the ergosterol in the skm absorbs the ware lengths u 
tha region vitamin D a manufactured and subsequently gets mto the blood 
stream The ergosterol is said to be activated. 

Some foods contain vitamm D Others originally lacking rt, may bo 
activated by ultraviolet irradutno 

99 X Rays and Gamma Raya. — Our range of short electromagnetic 
waves IS extended still farther by these unportant kmds of rays. As each of 
these will be docuased m detail they are mentioned here simply to complete 
our lot, (Note agam Fig 103 ) 
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100 Reflection of X Raya. — It has ilready been stated that the work 
of Ton Lauc and ha colleague* m 1912 proved without any doubt that x ray* 
had a wave nature just like ordinary violet and ultraviolet light. Before that 
date other cxpenmenterB had tried with some succe** to prove the wave nature 
of X ray*. One of the aiinplc»t of the early cxpenmcnti consuted m examining 
whether or not there wa* any spreading out when the rays fell on a narrow 
aperture (Sec Fig 98 ) Although the results of erpenments of tha kmd 
were not concIiuiTe they did provide evidence that, if x ray* had a wave 
nature, the wave lengths mutt be of the order of 1 0"* or 1 0”* an Whh thu 
evidence m mind, it occurred to von Laue that a crystal whose regular struc 
ture was known to have a ^uiang between 
atom layers of the order of 10^ cm. 
might act towards x ray* much the same 
as a diffraction graong acts toward* hght. 

The idea was tested by experiment and 
proved to be one of the most fertile m 
modem soence. 

In Laue s ongmal experiment a nar 
row beam of x rays traversed a xmc 
blende crystal, and the emergent beam 
fell on a photographic plate On devcl 
opment the plate showed a regular pattern 
of bngbt spots on a dark background 
In interpreting this result W L Bragg of England showed that it wa* possihle 
to look on cleavage plane* of crystal* as reflecting surface* and subsequently 
m collaboration with ha father Sir Wilham Bragg developed a technique 
which proved of tremendous value for the analysis of an x ray beam as well as 
for the exanunation of structure of crystals. 

Consider a narrow beam of x ray*, represented hj AC m Fig 109 madent 
on the face of a crystal m a direction making an angle 6 with tha The 

question amei Is there a reflected beam m the direction CD, as there a if AC 
represents a beam of hght and the crystal face a replaced by a mirror? 
According to Bragg s ideas, which experiment soon vcnlicd many Ume* over 
119 
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a cleavage piano of a vnth its very regtiUr arrangement of atoms, acts 
as a mirror for x rays, nature providing the smooth surface necessary to reflect 
regularly waves as short as those of x rays. The reflection of x rays from a 
oystal, however, difTcrs in one important respect from optKal reflection at a 
mirror Smee x ni)‘s penetrate matter there u a senes of reflectuns from 
succcBive parallel planes of atoms. The beam CZ), therefore, m reality 
consists of a number of supenraposed beams, each reflected from a different 
plane of the crystal 

Now let us enlarge the scale of our diagram sufficiently to show soccessrre 
layers, as we have done m F^g 110, for four layers. Then, remembenng that 

the planes are separated dis- 
c's. tanccs not much greater than 

10~* cm , we see that even a 
narrow beam like AC when 
enlarged on the same scale, will, 
^ no, be represented by 
■ ■ i l l as 1, 2, 3, 

' , I ! ■ corre sp onding reflected 

Fio, no. Reflection of from eocaadre par. ^ ^ ^^*f*^^* 

tDd piinea of itofoi In a crrseaL it a not difficult to see that the 

path of the daturbance along 
1 1 a shorter than that along 22 22^ shorter than 33 , and so on. For da- 
turbanecs 1 1 and 22^ tha path difference a equal to AB + BC as shown m 
Ftg 1 1 0 With a little simple trigonometry, tha can readily be shown to be 
equal to 2d sm fl where d a the dotance between succesave la}ers. and $ a 
the angle which the beam of ray* makes with the face of the crystal- For 
any raccesiive pairs of daturbances, the path difference will be the same. 

We SCO then that the beam CD of Rg 109, really consats of a superposi- 
tion of a number of beams, with a path difference between every succesnre 


pair equal to 2d sm $ Just as with a diffrictwn grating and ordinary bght 
(see section 89) it follows that all the component beams will unite to form a 
resultant intense beam only if this path difference ts equal to one, or two or 
three or more wave lengtli TAir mtsns that tohtn m haam of hornoganaout 
K-rajt u trtadani on tha feaa of a crjstalj thara h a raflactad haam of marhad 
tttiartaty only for vary tfaaal anglas of madanca If tha atadant haam 
contains a numhar of dsfarant werva langihs than^ for any gwan angla of 
moidanca thara u an miansa raflaciad haam only tf thara ts a eomfonant whosa 
wavalantth\tssuchthat\ = 2dtine or2X^2dua8 au Analyiaofa 
» poaaWe, therefore, because each component ts reflected m a directam 
different from any of the others. By rotation of a crystal to vaiy the an^c 
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of modencfi it t3 then possible to spread out a beam of x rays into first, second, 
third order spectra, just a* m the case of the diffraction grating Frequendy 
we are concerned only with the first order and in tho book we shall confine 
our attention to that order 

101 X Ray Spectrometer — A common arrangement for applying 
the above pnnaple to the analysis of a beam of x rays is shown m Fig 1 1 1 
A narrow beam of rays, after passing through the slits Si and 5* cut m thick 
blocks of lead, ts incident on the face of a crystal C set on the table of the 
spectrometer By means of a scale rouoons of the crystal through small 
an^es may be measured accurately A third sht Sj is so placed that any 
reflected beam which exists may enter an ionization chamber I placed im 
mediately bchmd it. This sht must of course be placed so that the line OSi 
nukes the same angle with the face of the crystal as the inadent beam Smee 
for each poation of the crystal there is only a single correct position of the 



Fio. Ill Dbgram thoving the cttCDtia] f an i-ny ipcctroputcf 
VI th lonizaoon chamber 


sht S and the ionization chamber these are mounted on an arm by means of 
which they may be rotated about the central axis through O 

In actual use, the modent beam of 1 ?)*$ to be anal}'zed q allowed to strike 
the face of the oysial at a number of different angles. For each angle sht Ss 
and the Kmizaoon chamber are set in the correct position and the ionization 
current, if any measured. A graph ts then made showing the way m which 
the ionization current ranes with the angle of mndence Alongside the 
axa on which angles of madence ore plotted a ware length scale may be 
marked by uang the fundamental relation \ = 2ii tin d provided that a 
crystal with known i a used Examples of such graphs are given m Fig 
113 and Fig 114 These will be discussed presently 

102 X Ray Spectrograptu — The ionization chamber may be replaced 
by a photographic plate and a permanent record obtained of the x ra) spectrum 
By way of illujtration reference is made to the an instru 

ment, especially designed for radiologists, which ts small and compaa and does 
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a cleavage plane of a ciptal %vrth Jts very regular arrangement of atoms, acts 
as a muTor for x ra}*!, nature providing the smooth surface necessary to reject 
regularly waves os short os those of x rays. The rcflectwn of x rays from a 
crystal, ho\^erer, differs m one important respect from opncfll reflection at a 
mirror Since x ray^s penetrate matter, there u a series of reflections from 
successive parallel planes of atoms. The beam CD^ therefore, m reahty 
consists of a number of supeninposed beams, each reflected from a different 
plane of the crystal 

Now let us enlarge the scale of our (hagram sufficiently to show successive 
layers, as Avc have done in Fig 1 1 0, for four layers. TTicn, remembering that 

the planes are separated dis> 
l>s. tanccs not much greater than 

^ ^ cm , we sec that even a 
narrow beam like AC when 

'*’’*'*^ enlarged on the same scale, win, 

m Fig 110, be represented by 
^ , tt^ral lines such as 1, 2, 3, 

' 4 corresponding rrfccted 

Fto. no, Rcdeeooa of wiri from ncccuhe par ^ 

■Bd plaaei of atom* U * erriuL ^ a not difficult to see that the 

path of the dnturhance along 
11 IS shorter than that along 22^ 22^ shorter than ST and so on For dis- 
turbances 1 1 and 2T tha path difference ts equal to AB + SC as shown m 
Fig 110 With a little sunple trigonometry, this can readily be shown to be 
equal to 2d sm ^ where d u the dtstance between succcifivc layers^ and S n 
the angle which the beam of rays makes with the face of the crysiaL For 
any successire pairs of disturbances, the path difference will be the same. 

We see then that the beam CD of Fig 109, really conasts of a superpost- 
Oon of a number of beams, wfth a path difference between eveiy succcsstc 
pair equal to 2d an Just as with a diffraction grating and ordinary Lght 
(see section 89) it follows that aH the component beams will unite to form a 
resultant mtense beam only if this path difference u equal to one, or two, or 


three or more wave lengths. Tfus msmis ihst xuhsn • iaam of homogtnscus 
X rtjs u maitni on ths /#ca of • crjrtal, thsr* u « rofiscUd of msrksi 

xt%unstt-j onLf for v*rj sfscud tnglss of tnaitnes If ths ouadmt h**m 
amUms * mtmhtr of diffrr^ waw Ungtht thtn, for tny gwm sngU of 
tncxd*ncs th*r» u rtfircUd hrmm only tf thrr* u s eomfxmmt whoso 

wm} 4 Ungth\utuchthMt\ = 2dtmS or2X = 2dan0 tu, Anilynsofa 
beam B possible, therefore, because each component a reflected m a direction 
different from any of the others. By rotation of a ayital to vaiy the angle 
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two qiumtrtie* ajc connected hy the following simple relation 

12345 * 

shortest wive lencrth fin angstroms) = ; 

® ^ manmum voltage 

For example, with 80 000 volts as peak value, the shortest wave length a 
about 0 15 angstrom. With 250 000 volts, the shortest a 0 049 angstrom 
Although the shortest ware length a not the most mtensc (note agam the 
graphs of Fig 113) a knowledge of its value gives some mdication of the 
quality of the beam. 

If the shortest ware length can be read off a scale provided with such an 
instrument as the Sccman Spectrograph the above relation provides us with 
an accurate method of measuring tube voltage. (See again section 28 ) 
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Fia 114 . Grapki thoviogtbeprcaesce of chanetzmtic x-nTs, ^ with 

filter 1 of Cuyper; B with filter 12 mm gf ■I.mTmnm 


104 General and Characteristic Radiations. — An examination of 
Fig 113 and Fig 114 will show that the graphs differ m one important 
respect. In each of those m Fig 113 the radiation coven a continuous 
range, begmiung at the critical mimmum wave length then rapidly mcreasmg 
to a region of m a xim um intensity beyond which the intensity gradually 
decreases until the raduoon ceases. In each of the graphs of Fig 114 there 
a an addmonal feature, because isolated peaks of marked intensity occur at 
certain critical wase lengths. 


12JH U non nninu l« m ncomr oflmllLu.ontp„ontI.^ 
is radiolopT work and th* ciiilj rmernberei I2M5 may be n»^ 
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not require as much expenmental ddll as th« abore spectrometer The 
to be analyzed enters the instrument through a narrow sht Si Fig 112, u 
inodcnt on the face of a cr)’stal unmcdntcly bchmd wbtch a second narrow sht 
^1 allows any reflected beam which may be present to emerge and strike a 
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photographic plate m position /IB By means of a clock work mechanism the 
portion of the mstrument holding the crystal and the plate is kept m a regular 
oscillatory motioa about the second slit as axa. In this way the ongmal beam 

strikes the crynal behmd 8% at a 
icDcs of different angles and regu- 
lar reflection of each component 
takes place m the way we hare 
already described Wave lengths 
may be calculated by the use of 
2J tmO but actually the znanufac 
hirer of this instrument provides 
a scale by means of which wave 
lengths may be read off directly 
from the photographic plate. 
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103 Shorteit Wave 
l^ength. — The graph of Figs- 
113 and 114 made from observa 
hons by the late Dr Duane, a 
prominent x ray worker at Har 
vard Unrvemty art typical of 
results obtained with the lomzabon 
Fio. 113. Giaph* ihowlog the omIt* of a ^ chamber The eraphs show cleariv 

eral beam of x-r*T» br * «PcctrocDeten -f with- a w soow acany 

oQt filter B with filter two things (1} there b always a 

range of wave lengths in the 

leaving the tsu'gct of a tubcj and (2) there u a very cntical mimmmn wave 
length at which radiation begins. Eiqienment shows that tha shortest wave 
length depends solely on the msxtmum wiltage acroa the tube, and that thc*e 





GENERAL AND CHARACTERISTIC It^UTIONS 123 


two qumbtici are connected by the following jnnple relation 

12345* 

shortat w»yc length fin angstrom.) = 

For emnple, with 80 000 volt* as peak rJuc the shortest wave length a 
about 0 15 angstrom- With 250 000 volts, the shortest a 0 049 angstrom 
Although the shortest wave length a not the most intense (note agam the 
graphs of Fig Il3) a knowledge of its value givxs some ind ica tio n of the 
quahty of the beam 

If the shortest wave length can be read off a scale prowded with such an 
instrument as the Sceman Spectrograph the above rtlaoon provide# us with 
an accurate method of measuring tube voltage- (See again se ct i o n 28 ) 
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Fio. 114. Graphs showing the prcKaca of chanetmsdc x-n 7 t{ with 

filter 1 "'" 1 . c o pperi B with filter 12 mm. aJnnuoam. 

104 General and Characteristic Radiations. — An examination of 
Fig 113 and Fig 114 will show that the graphs differ m one important 
respect. In each of those m Fig 113 the radution coven a continuous 
beginning at the critical minimum wave length, then rapidly increasing 
to a region of maximum intensity be)ond which the intensity gradually 
decreases until the radiation ceases. In each of the graphs of Fig 1 14 there 
B an additional feature because isolated peaks of marked intensity occur at 
certain critical wave lengths. 

>235+ h more lemnu bat an aecoracy of lev than one per rent li qaite 
In radMlogy work and the eaaOf remembered 12345 may be tned. 
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not require as much expcnracntal skill as the above spectrometer The beam 
to be analyzed enter* the instrument through a narrow iht Si, Fig 112, b 
incident on the face of a cr^’Ual unmedutely behind which a second narrow tCt 
St allow* any rejected beam which may be present to emerge and strike a 
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photographic plate In poaoon fi) mean* of a clock work mechanism the 

portion of the mstrument holding the cr)'*tal and the plate b kept m a regular 
oscillatory moDon about the second slit as axis. In this way the original beam 

ttriles the crystal behmd a 
senes of different angles and regu^ 
lar redectioo of each component 
takes place m the way we hare 
already described Wa>B lengths 
may he calculated by the use of 
2dun9 but actually the manubac 
turer of this instrument prondes 
a scale by means of wfaxh wave 
lengths may be read off direedy 
from the photographic plate. 

103 Shortest Wave 
Length. — The graph of Figv 
1 13 and 1 14 TnQf^^^il fnun observa 
tions by the late Dr Duane, a 
prominent x ray worker at Har 
yard Umrernty are typ^al of 
results obtained with the lomxaOon 
chamber The graphs show clearly 
two things ( 1 ) there a always a 
range of wave lengths in the 
leaving the target of a tubej snd (2) there a a very critical mimmtiTn 
length at which radiation begins. Experiment shows that tha shortest wave 
len^ depends solely on the maximum voltage acre* the tube, and that 
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oQt filter B with filrer 
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«,u>« of tfe Wage , , ^ Uitd « « TMrgtlr— The higher 

(2) Ths Atomic Numbtr oj tn* «#«*» 

ihziLum number, the more mtense a the beum 

_ _ ..j!- ■o-vn. Chantctenmc rayl do not appear at all 

106. C3iaracterladc Iteys. ^ ^ 

unltai the tube voltage B mffiaendy^ 10 of Fig 115 With tungiten as 
the grapta of Fig 113 nm m ^ ^ neceasary and with 

target, potenfall m the range 115 000 volts are 

otaotom ^Bge a proportional to the ^piare of 

applied to the tube. Th 78 reqmrea a voluge 

:;LtrE;:rdian^TL tungsmn atom, number 74 by the factor 
78 X73 

74 X 74 , ^ number the ihorter the wave 

It a wdl to note „ fflns^.cd by the num^ 

length of corresponding* rays, im* 

grren m Table XIX 

Ta.c XIX-Coaax.t<.«.n«. Wavs Uae™* »' 



Copper 

1 Sdrer | 

Tuagtten | 

Umnlum 

Wire Leofth 
/StYimlc Number 

29 

56 1 

1 

21 

74 

15 

92 


, T ^ew-v. oTifl PenetratiOEL — Wave length measurements 

(how that in ^ (nectrometer a beam may be separated mto it* 

angstrom By ^ ^ absorption of each examined separatcl) 

rmi “tu^'i.^daiw L o. generalt the d.tter the w.e 
. CTi,. oenctiatmg the beam For eaample lamg the numbers 

first and fourth columns of Table XX we note that for a — 0 OM 
H V L m alummum a 19 7 mm i for g = 0 13 13 7 mm i and for 
X = 0 26 6 35 mm. For the same three waie lengths, the H V L. m 
copper are 3 9 ram, 1216 mm. and 0 24 mm 

la «!! n no the maninc of corropoodiac wive Icngtbj n erpluoed. 
tSceybo' tr Kcuoa 120 
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The umc two typo of x ray ndutwn are »hown photographiaJ^ m 
Fjg 115, in which each *p«ctrograra corropondi to a different tube volttgc. 
These photographs show clearly («) the continuous radubon, begmning at 
a enneaJ wave length, whose magnitude vanes with the applied voltage; and 

(^) the superpoflDon, m all but 
number 10, of isolated wave 
lengths. 

The difference between the 
two bnds of x ray spectra has an 
exact optical analogy If the 
light from a white hot carbon of 
an arc lamp is examined with a 
spectroscope, one obserro a coo 
tinuous spectrum with all ^lors 
ranging from red to violet. If 
the carbon arc is fed with a small 
quantity of a salt, banuni) for 
example, one sets supenmposed 
on the continuous s p ectrum iso* 
lated narrow spectral linea. Any 
white hoi object will give a con 
tinuous spectrum, but the num 
ber and the postion of the isolated 
qiectrum lines depends on the 
materia] put mto the arc. 

In the same way an x ray tube 
with any metal as target^ and 
operated on any voluge emits a 
continuous range of wave lengths, 

„ ^ . whereas the values of the isolated 

Fio. 115. Spectroarmnu ibowlng ihort wire- i t. u 

knjth Exrit* TolttgcB, &s veO u lengths, which are lome- 

clurtctaiitie ray*. (R^ tunes although not always pre^ 

ent, depend on the nature of the target. The continuous range a odlcd the 
ftnsrtl or who* or tndsf^ndsni radiarioo; the isolated wave lengths, the 
chMr*cUnstu radia tio n. 

105 White Radiation. — The total intensity of the beam of contmuous 
rays depends on the following factors 

(1) Th* Currgni through ih* Tuh* — Double the current, and the 
intensity is doubled; or more generally the mtcnsrty is directly proportional 
to the current. 
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(2) Ths Tui* VoUagg — Double the voltage, and the mtenatj is m 
creased ap p rcm matelj four times or the intensity Vanes approainiatcly as the 
square of the voltage. 

(3) Thg Atomic Number of the Metal Used as a Tergetc — The higher 
the atomic number the more intense js the beam 

106. Characteristic Rays, — Charactensac rays do not appear at afl 
unless the tube voltage is sufficiently high. That b the reason none appear m 
the graphs of Fig 113 nor in ^lectnim 10 of Fig 115 With tungsten as 
target, potentuJa m the range 80 000 to 100 000 are necessary and with 
uramum characteristic rays arc not emitted until nearly 115 000 volts are 
applied to the tube. The necessary roltage is proporoonal to the square of 
the atomic number Thus, platmum of atomic number 78 requires a voltage 
which B higher than that for tungsten atomic number 74 by the factor 
78 X 78 
74X74 

It IS weD to note that, the higher the atomic number the shorter the wave 
length of corresponding* rays. Ttus pomt b illustrated by the numben 
pTcn m Table XIX. 


Tasxa YIV — Coauiecjmoro Wavz Lcxitthj or Foits Eiofaim 


Wire Length ^ 

Coppo- 

SKct 

ToBgsten 

Uranrum 


1 54 

56 

21 

15 

Atnmc Numlw 

29 

47 

74 

92 


107 Wave Length and Penetration. — Wave length measurements 
*how that m radiology the range extends from about 1 0 to possibly 0 05 
*ngttrom. By means of the spectrometer a beam may be separated mto its 
wave lengths and the absorption of each exammed separately 
The results of such mvestigatxins show that m gcneralf the shorter the wave 
Ittgth, the more penetrating the beam For example usmg the numbers 
given m first and fourth columns of Table XX we note that for A = 0 064 
^ H VL. m aluminum ii 19 7 mm for A = 0 13 13 7 rnm and for 
^ = 0.26 6 35 mm For the same three wave lengths, the H.VX. m 
copper arc 3 9 mm., 1 36 mm ,, and 0 24 mm 

la »ectioo 110 the meanlnf of conrspondlng wa -e Icngthj £• eiplxmetL 
TSe*,bo»rver KCtioo 120 
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Tails XX—Haut Valos Lavssj jos a Fsw Wats Lexotui 
Aluralnam 


X 


a 

avj- 

0 OM 

130 

351 

19 7 ram. 

098 

156 

421 

16 4 

U 

186 

502 

13 7 

175 

lit 

616 

11 2 

2 

270 

729 

9 5 

26 

401 

1 685 

6 35 


Gqjper 


X 


M 

avi. 

064 

198 

1 76 

3 9 Bun. 

098 

325 

2 89 

2 38 

13 

57 

5 07 

1 36 

175 

1 12 

9 97 

69 

2 

1 59 

14 15 

49 

26 

3 25 

28 9 

24 


The ttsinlfig of theie U ezpUlaed la lectioBi 122 lad I2X 

lOS. K» M Rays. — An analyse of all the characteristic wave 

lengths emitted by a angle element shows that they may be divided into 
groups. Table XXI for example gives the wave lengths in angstroms of 
three groups emitted by the element tungsten 


Tails XXI — caAiAcnaimo iatt or TDiwma* 


K 

L 

M 

213 

1 48 

S 16 

208 

1 47 

5 34 

185 

1 28 

5 62 

184 

1 24 

6 07 

179 

1 09 

6 12 

6 74 

6 79 

6 93 

6 95 

6 97 

7 34 

1 56 

8 94 

8 98 


• Vilna fr«n XJUii Im Tittry ExfoirntM by Cooptoa aad Alfiwt, D. Via 
Ncatrmad Cooipiny 
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In accordance with ccrt^n theoretical ideas to be explained preacndy, the 
three group* are desgnated R, L and M A glance at the table will show 
that none of the wave lengths m the L and M group* are of any use m 
radiology They arc to toft that th» walls of an ordinary tube would absorb 
them. 

109 IiJtcrprctJitaon of IC, L and M Wave Lengths. — In order to 
give an explanation of the ongin of characterutic wave lengths and thetr 
arrangement m group*, it is necessary to amplify somewhat the pjeture of an 
atom given ui section 36 wa* there pointed out that an atom of atomic 
rhimher Z mriptt^ of a nucleus with a posmte charge of Z electronic umt* 
nuTounded by Z electron*. The *tudent s work m chemistry will have made 
hna famihar with outer valency electrons, one or more of which nu^ be 
detached from the parent atom leaving a po s pve »a In the lodnun 
frmfly, for caample, a angle valency dictroa i* the datmgiaihing mark 
which accounts for the umlanty m the chemical preperoe* of the members 
of tha family Normal!) a sodium atom n a stable system wrth the valency 
electron in e^uiljbnum because rt i* revolving about the rtmamder of the 
atom m what we shall now call its mnermost ortst. 

Suppose, however that we have a sodium salt in a fiame which is emitting 
the yellow hght charactenstic of sodium What now is the state of the atom 
and what a happening to cause the cm aeon of characteristic sodium hghtl 
The mam features of the answers to these questions were given m 1913 by 
the Danish phftjast Bohr who at that time, was trjms to interpret the 
charactensoc qiectrum of lummous hydrogen Accordmg to Bohi^i ideas 
an atom cannot emit ridution which represents energy unless prtvioujly it 
fi« had energy commumcated to it. This, of course a what m to be cjqjccted 
from the law of conservation of energy If by any means, such as the unpact 
of a moving electron, the outer valency electron ts moved farther away ^m 
I t he nucleu s than its normal ponoon work must be done against the force of 
amjeoon on the valency electron and m consequence there a an mcrease m 
the energy of the atomic tystem If aow the electron subsequently returns 
to ici normal position or part way to ii> radiant energy a emitted m an amount 
equal to the loss ansuig from the return of the electron 

To expUm the l^tcd number of isolated charactenstic wave length* in 
the spectrum Bohr assumed (1) that the valency electron could occupy only 
cotam definite orbits; and (2) that for ea^ tranuDon from an outer to an 
uiner orbit, a corresponding wave length a emitted. In Fig 116 for 
example, if the mner arclc represents the normal stable orbit of the electron 
in the hydrogen atom and the dotted arcla the possible outer or tarival 
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Tajuc XX— Halt Value Latuu rot a Few Wate Lutotbe 
AlumlouiD 


X 



avj- 

0 064 

130 

351 

19 7 mm. 

09« 

156 

421 

16 4 

13 

ia6 

501 

13 7 

175 

22B 

616 

11 2 

2 

270 

729 

9 5 

26 

401 

1 6Si 

6 35 


Copper 


X 

p/p* 

>»• 

avi- 

064 

198 

1 76 

3 9 mm. 

09S 

325 

2 89 

2 38 

13 

57 

5 07 

1 36 

175 

1 12 

9 97 

69 

2 

1 59 

14 15 

49 

26 

3 25 

28 9 

24 


‘Hm mcAoln^ of theae lymbols U czpUlxKdia accticEBt 1Z2 tad 123. 

108. K, L and M Raya. — An analjw of afl the charECtcrotic wave 
lengths emitted by a tingle clement shows that they may be divided into 
groups. Tabic XXI for oamjde gives the wave lengths m angstrona of 
three groups emitted by the element tungsten. 


Taslb XXI — CHABAcrtJurno eat* or rtmoerui* 


K 

L 

M 

213 

1 48 

5 16 

208 

1 47 

5 34 

185 

1 28 

5 62 

184 

1 14 

6 07 

179 

1 09 

6 12 

6 74 

6 79 

6 93 

6 9J 

6 97 

7 34 

8 56 

8 94 

8 91 


Vitw freen X-Rmis Im Vmrj tmi Exfvimni by Comptno ujd AIDtpa, D, V*a 

Nortnuid Camp*ny 
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hiTC led physaso to the new that the electrons are arranged around the 
nucicm at mcrcasing distances, m groups or shells, as they are sometimes 
called, desgnated by the letttn K, L, M N O, or 1^ the numben 

1 2, 3 4 5 Morcorcr there n much cwdence that the inner or K 

shell has 2 electronsj the L 8 (tubdinded mto tubihclls) the M 18 (sub- 
divided into subshcUs) the N 32 and so on If now an atom b wmxed 
by the removal of an electron from the mnerroost or K shcD much more 
work IS necessary than that required to remove an electron from the L rmg 
Tha should be clear if it a realized that the electron m the K rmg bemg 
nearest the nucleus, a much more strongly attracted than when farther away 
as m an L or M or N nng Moreover the repulsiTc forces ansmg from the 
surrounding electrons also make it more difScult to remove an ele cti on from 
the K than f r o m any of the outer sheBs. 

In order to put an atom in the state where the emtgaon of all of its char- 


actensoc x rays a posable, drst of all the atom 
must be lomzed by the removal of an electron 
from the K shelL Tha may be done by elec- 
tronic bombardment of a arget, or as ue shaE 
see m the next chapter by absorpoon of a beam 
of X rays of suitable wave length. When an 
electron has been to removed, its place subse- 
quently a filled by another electron coming m 
or ** droppmg m from one of the surrounding 
shells. If the drop a from the L iheQ there a 
a certain energy gam and a characteratic ray of 



a definite wave length a emitted. If the drop Fm. 117 Setemade to 

a from the M ihcH to the K iheTl the entrev depict the e m iu w o of K i^t 

_ _ , , ’ , »*vc knftia br dectn» tranii. 

gam a greater and a shorter wave length a dom mic IC ihsih tad “ 
emitted. For a drop from the N shell to the ^ tnumtioos to 

K shell, the emitted wave length a still shorter 


The k group of wave lengths, then corresponds to electron drops or transi- 
tions from various outer shells or energy levels mto the K levcL In Fig 117 
I 2 and 3 represent three wave lengths m tha group * 

If an electron has dropped from the L to the K level, the vacancy thus 
created m the L shell must be fiUed, and hence we have an L group of wave 
lengths correspondmg to transitions from outer levels to the L levcL In 
Fig 117 4 and 5 represent two such wave lengths. Because of the smafler 
change m energy mi-olvcd m transitions which end on the L level instead of 
the K, the corresponding wave lengths arc longer (Sec agam Table XXL) 
In the umc manner n e may hare an N group of Kil] longer wave Itngtla 
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orbit*, the line* with the arrow head* represent >oinc of the posoble tranaooa* 
[which give me to cormponding emitted wave length*. All this can be put 
(m mathematical language and the rc*ult» tested numerically, but m thi* book 
we ihall consider only the quantitative aspect which connect* wave length 
with the energy change 

F or each electron transmon or Jump, a quantum or packet of radiant energy 
ts emitted. The magnitude of a quantum u Ar, where ts a definite quantity 
called Planck’s constant In honor of the physicist who first introduced the 
conception of quanta, and f t* the frequency of the emitted radiation Smee 

frequency = ^ or » = -» where c a the velocity of all electro- 

^ •' wave length X 

magnetK waves, we may write 

he 

Af = ~ = energy change resulting from the electron pimp, or 

1 _ energy change 

X Ac 

It follows that the grtaUr th* entrgj change^ tht skerUr th* tprtv length 
gfrtUUtL Referring again to Rg 116 we lee 
that when an electron fall* from orbit D to A 
the wave length emitted a shorter than for the 
fall C to Ai i {aSi from D to B give* me to a 
shorter wave length than from C to and »o on 
In eicamming optical qiectra, it i* found that 
members of the same chemical famdy have fea- 
ture* in common, and that an abn^t change takes 
place when we pasa from one frrmly m the 
periodic table to the next. In x ray spectra, 
however there is no such periodic change. We 
have already made reference to one example of 
this, when m tectnn 106 it was pcanted out that, 
as the atomic number of an element gets larger 
and larger the wave length* of corresponding z ray* steadily become shorter 
and shorter This fact, combined with many others, suggests that the enns- 
Don of charactcnstic x rayi is related, not to outer valency electrons, but to 
electron* which in heavy elements ore very much nearer the nucleus. 

To form Bomc sort of picture of the ongm of charactcnstic x rays, wc must 
examme a httle more carefully the structure of atoms, particularly those of 
clement* contaixmig many electrons. A large number of eipenmental fact* 
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hire led physcao to the Yiew that the electrons are arranged around the 
nucleus at increasing distances, m groups or shells, as they are sometuncs 
called, designated by the letters K, L M N O or fay the numbers 

1 2, 3 4 5 Moreover there a much evidence that the inner or K 

shell has 2 electrons the L, 8 (subdivided mto suhshclls) the M 18 (sub- 
dmded into subshells) } the N 32j and so on- now an atom a ionized 
by the removal of an electron from the innermost or K shell, much more 
work 15 necessary than required to remove an electron from the L nng 
Tha should be clear if it is realized that the electron m the K nng bang 
nearest the nucleus, B much more strongly attracted than when Either away 
as m an L or M or N rmg Moreover the repulsive forces armng from the 
suiTDundmg electrons also make it more difficult to rtmove an electron from 
the K than from any of the outer shells. 

In order to put an atom m the state where the emission of all of iti char- 
acteristic X rays a pos«2de, first of all the atom 
must be niuzed by the removal of an electron 
from the K shell. This may be done by elec- 
tronx bombardment of a target, or as we shall 
see m the next chapter by absorpQoa of a beam 
of X rays of suitable wave length. When an 
electron has been so removed, its place subse- 
quently IS filled by another electron cotmng m 
or " dn^iptng m from one of the surrounding 
shcQa. If the drop a from the L sheD there a 
a certam energy gain and a charactemdc ray of 
a definite wave length u emitted. If the drop Fm. 117 cEimm to 

ts from the M shell to the K shelL the enerer nay 

_ . j 1. 1 wt Ittgtia W doaixe traa*. 

gam a greater and a shorter wase length a bow to ihe IC iheH; tni of L 
emitted. For a drop from the N shell to the W tnoBOotu eo 

K shell, the emitted wave length a soil shorter 

The K group of ware lengths, then, corresponds to electron drops or tranji- 
nons from various outer shells or energy levels mto the K level- In Jig ll 7 
1 2 and 3 represent three wave lengths in iha group 
If an electron has dropped from the L to the K. level the vacancy thus 
creaud m the L shell must be filled, and hence we have an L group of ware 
lengths correspondmg to transoons from outer levels to the L leveL In 

Hg 117 4 and 5 represent two such wave lengths. Bccatae of the smaDcr 

change m energy msolved m traasmons which end on the L level instead of 
the K, the corresponding wave lengths are longer (See again Table XXL) 
In the same manner may have an N group of stiU hmger wave Icngtla 
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orbit*, the line* with the arrow heads represent some of the possible tratmtjon* 
I which give nse to corresponding emitted wave lengths. All this can be pot 
I m mathematical language and the results tested nmncncally, but m this b«k 
we shall consider only the quantitative aspect which connect* wave length 
with the energy change. 

For each electron transition or jump, a ^tutnium or packet of radiant energy 
a emitted. The magrutude of a quantum >* hr, where Ana definite quanti^ 
called Planck’s constant in honor of the physost who first introduced the 
conception of quanta, and v d the frequency of the emitted radudon Since 

frequencT = , or a = A where c b the Tcloatr of all electro- 
wave length X ' 

magnetic waves, we may wnte 

hr = ~ = energy change resulting from the electron jump, or 

1 _ energy char^^c 

X he 

It foDowi that the greeter the energy ehenge, the shorter the xoeve length 
ermlted Referring again to Fig 116, we see 
that when an electron falls from orbit D xd A 
the wave length emitted » shorter than for the 
fall C to A a fall from D to 5 gives nse to s 
shorter wavelength than from C xaB\ and so on. 

In examining optical spectra, it is found that 
members of the lame chemical family have fea 
tures m common, and that an abrupt change takes 
plsce when we pass from one family in the 
periodic table to the next. In x ray spectra, 
however there is no nich periodic change. We 
have already made reference to one example of 
thd, when m section 106 It was panted out that, 
as the atomic number of an element get* larger 
and larger the wave lengths of corre^nding x ray* steadily become shorter 
and shorter Thu fact, combined with many other*, suggest* that the cffli*- 
sion of characteristic x rays is related, not to outer valency electrons, but to 
electrons which m heavy elements are very much nearer the nucleus. 

To form some sort of pwrture of the ongm of charactensoc x rays, we must 
enunme a htde more carefully the structure of atoms, particularly those of 
element* containing many electrons. A large number of experimental fact* 
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, . Titw thit the eleetronl »re tmngcd irmmd the 

" e-e ” ■** " 

u L\ (" r r.™’ - • .a 

mto umerntMt or K ritefl much more 

^ tl^ ^mred to remore .t. electron from the L 

c ^ni^dear if it B^ilmed that the electron m the K nng. bang 
nejtert the nuclem. a much more Itronglf .ttracttd then when Iirthw ew^ 
neerert to ^u^^ ^ Moreorer the repulmre forcm ariMg froi^e 

Hl^unding electron, dm mto it more difficult to remove at electron from 

’^'Xn^'^ LtTto - where to emamm ol dl ol U. char 

.ctenmc X rxy. a pcadble. fir« of dl the .mm 
mvat be wnraed by the removd of in elect^ 
from the K dtelL Tha miy be done by elec 
tronic bombirdment of a target, or aa we ahall j 
8M ifl the next chapter hy ahiorption of a beam , 
of X ray* of ftnaible ware Ungth. When an : 

\ electron ha* been to remorefJ, iti place *ub*e- j 
quendy » filled by another electron coming m 
or “ dropping m from one of the furroundmg 
‘then*. If the drop a from the L thcD there a 
a certain energy gam and a characteradc ray of 
1 defimte wive length a en^ If the drop Fi^7 ^Je^ 
a from the M thefl to the K thefl, the energy wito ksgths by ckccroa traiui- 

rnm a ercater and a thortcr ware length a tkm* » the K thdJ ^of L 

gam o gic*vt4 , XT L 11 L .u laurtlu by tmaJtiQti* to 

emitted. For a drop from the N >beU to the the L £31 

K then, the emitted wave length a trill ihorur 

The K group of wave length*, then, corretpond* to electron drop* or trann 

non* from vanou* outer thell* or energy Icrel* mto the K IcvcL In Fjg 117, 

1 2 and 3 represent three wave lengths m tha group 

If an electron ba» dropped from the L to the K lerel, the vacancy thus 
created m the L ihcU mutt be hlled, and hence we hare an L group of ware 
length* corretpondmg to transtxm* from outer level* to the L level. In 
Fig 117 + and 5 represent two mch wave length*. Because of the s m all er 
change m energy mvolved m transtion* which end on the L level in st ead of 
the K, the correspondmg wave lengths are longer (See igam Table XXL) 
In the same manner v.c may have an N group of *rill longer wave length* 
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corresponding to tranabonj of an electron from outer ihclU or level* to the 
N Icv^ 

In Table XXI, it will be noted, c^>edalljr for the M group, that more 
wave length* are luted than nugbt be expected from the above eypL ni non 
Thu u due to the fact that the electron* in any one *hcll or level *ucb a* the 
M, arc arranged in subshell*, and that, in consctjuence, the energy change 
when an electron goc* from one sub*b^ of the M level to the K level, i» 
•lightly different from the change corre^ndmg to a tnnation from another 
*ub*h^ of the M level to the K. level 

1 10 Meaning of Corresponding Wave Lengths. — In tection 1 06 
reference wa* made to the fact that the greater the atomic number of an 
element, the ihorter the wave length of a correjponchng ray (See again 
Table XIX ) B) corresponding ray* we mean those which an*e from the 
•ame tramioon in energy level*. Thua, for all element*, the wave length* 
emitted when an electron drop* from the L level to the K, or more cxicdy 
from the same sublevel of the L ihell to the K, are correaponihng The 
reason why the wave length* of such ray* get shorter a* the atomic number Z 
get* larger, should now be evident. The greater Z, the greater the pofimve 
charge on the nucleus, hence the greater the attraction of the nucleus for a 
Ek electron hence the greater the work which must be done to remove a X 
electron out of it* shelL When an electron return* to the X shell, there a, 
therefore a greater loss m energy and a shorter wave length u emi tt e d. 

111 Effective Wave Len g th. — In the above sectiooa we have ex 
plamed bow a beam of x rays may be analysed mto its constituent ware 
lengths. Although such an analyss 9 the ideal way of describing the quality 
of a beam, the practical radiologut can scarcely be c^}ected to examine quahty 
in thu way He can, however, make use of wave length measurements 
obtamed by other workers under laboratory conditions and by mean* of them 
record what 9 called the tfftctsv* wsvs Ungth of the beam he 9 utilrxing 
The meaning of effecave wave length may be defined m several ways, 

(1) In terms of H VX 

Suppose an operator is provided with a table giving the H VX. in copper 
for a senes of monochromatic wave lengths, such as we have given m 
Table XX If, then without any analya* into constituent wave lengths, he 
determines the H VX. for the beam he a unng, he can read off from ha 
the wave length of the monochromatic beam wbxh has this same 
H VX. That wave length would then be taken as the effeedvo wave length 
of ha beam. 
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(2) Through the ahwrption of a particular thickness of a standard substance 
It a a ample matter to determine the percentage reductxn m mtensty of 
an unanalyzed beam brought about by say 1 mm of copper Tha reqmrcs 
only two readings with an instrument like an electroscope, one of the rate of 
fall before the mtroduction of the layer of copper the other after the copper 
a m place, (See Chapter XII ) If now the operator a provided with a 
graph or a table giving the percentage absorption of -i mm of copper for a 
whole range of monochromatic wave lengths, he again can read off the value 
of that particular ware length which baa the same percentage absorption as 
that of the beam he a using Tho gives bun ha effective wave length 
Alternately from the percentage absorption by the copper of the beam under 


i»raminatTAn ft a not difficult tO Cal 
culatc the absorption coefficient. (See 
section 122 ) Then from a formula 
connecting the coeffiaent with the wave 
length the value of the monochromatic 
waie length which has tho same coef 
fiaent can be calculated. Tha gives 
the effective wave length. 

When this method a used, care must 
be eircrcised to tpeaff the partKular 
thicknca of standard absorbing matena] 
used, because somewhat different values 
of X sre obtained hir esch thicknesa. 
For example, m one mvesagation Dr 
Edith Quimb) of the Memorial Hot- 
prtal. New York, showed that with 
a 1/10 mm of coj^r 59%ofabeam 
was transmitted, and A was found to be 
0 235 angstrom with 0 47 mm of 



Fio lit. Scandard graph (tffttr 
hr duB niintn^ ed'ccove ware leng th . 


copper 50% was transmitted, and A was 0.208 angstrom j and wrth a layer of 
copper 1 mm . thick, the transmtssion was 35% and A 0 182 angs tr om 


(3) Through the ratio of etpnvalent Unckncsies of two standard substances. 


The graphs of Fig 114 illuitrate the unportant foct that the r«UtJV 4 
absorbing pouen of two different substances vary with the wa\e length. 
From these graphs, for example we note that 1 mm. of copper a a more effee 
ti\e absorber than 12 mm. of olummum for wave leng;ths longer than 0 141 
angstrom but lew effective for shorter svarc lengths. Expreamg this fact 
m another v,3) we say that the particular thickncu of aluminum which 
absorbs a beam of x rays to the same extent as I mm of copper vanes with 
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corroponding to tranatwri* of an electron from outer ihclU or level* to the 
N IcTiJ 

In Table XXI, Jt will be noted, capecially for the M group, that more 
wave lengths arc hsted than might be expected from the above fyplanatvm. 
Tho ts due to the fact that the electrom m any one shell or level, rich as the 
M, are arranged m subshelU, and that, m consequence, the energy change 
when an electron goes from one subsh^ of the M Icsel, to the X level, » 
slightly different from the change corresponding to a tramioon from anotber 
tubshell of the M level to the K leveL 

1 10 Meaning of Corresponding Wave Lengths. — In section 1 06 
reference was made to the fact that the greater the atomic number of an 
element, the shorter the wave length of a corresponding ray (See agim 
Table XIX ) B) corresponding ra>i we mean those which ansc from the 
same tranation m energy levels. Thus, for all elements, the wave length* 
emitted when an electron drop* from the L level to the K, or more exactly 
from the same sublevel of the L shell ro the K, are corresponding The 
reason why the ware length* of such rays get shorter a* the atomic number Z 
gets larger, should now be evident. The greater Z the greater the postrre 
charge on the nucleus, hence the greater the attraction of the nudeus for a 
X electron, hence the greater the work which must be done to remove a E 
electron out of its shell When an electron return* to the K shell, there b, ^ 
therefore, a greater lost m energy and a shorter wave length a cmittfd. 

111 Effective Wave Length. — In the above sections we have ei 
plained how a beam of x rays may be analyzed into its cont&cuent ware 
lengths. Although such an analysts ts the ideal way of describing the quahty 
of a beam, the practical radiologist can scarcely be expected to era mine quality 
m tha way He can, however make use of wave length measurements 
obtained by other workers under laboratory conditions and by mean* of them 
record what a called the 4f*ctxv4 own# Isngth of the beam he a utilmn g 
The meaning of effectire ware length may be defined m several way*. 

(1) In term* of H VX. 

Suppose an operator a provided with a table gmng the H VX m copper 
for a sene* of monochromatic wave lengths, such as we have given m 
TaHe XX I^ then, wttbout any analysa into consotuent wave lengths, he 
determine* the H VX for tho beam he a using, he can read off from ha 
table the wave length of the monochromatic beam which has tha nme 
H VX That wave length would then be taken as the effective wave length 
of ha beam. 
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(2) Through the ibjorption of a particular thicknesi of a jtandard lubstance 
It a a timpie matter to detemune the percentage reduccon m mtensty of 
an unatiilyied beam brought about by aay i mm of copper Thu requires 
only two readings with an instrument Lice an electroscope, one of the rate of 
fall before the introduction of the layer of copper the other after the copper 
B m place (See Chapter XII ) If now the operator u proTided with a 
graph or a table ginng the percentage absorption of 1 mm of copper for a 
whole range of monochromatic wave lengths, he again can read off the value 
of that particular wave length which has the same percentage absorption as 
that of the beam be a using Thu gives him hu effective wave length* 
Alternately from the percentage absorption by the copper of the beam under 


elimination it is not difficult to cal 
culatc the absorptioa coeffiaent. (See 
section 122 ) Then from a formula 
connecting the coefficient with the wave 
length the value of the monochromatic 
wave length which has thu tame cocf 
fioent can be calculated* Thu gives 
the effective wave length 

When thu method a used care must 
be exerased to ipeafy the particular 
thickness of standard absorbing material 
used, because somewhat different values 
of A are obtamed for each thicknesa. 
For example, m one invctogition Dr 
Edith Quimby of the Memorial Has' 
pital. New York, showed that with 
a 1/10 mm* of copper 59% of a beam 
was transmitted, and A was found to be 
0 235 angstronij with 0 47 mm. of 



Fio. 118 StuxUrd anpli Dtupu) 
(or ( kloia i n i ng cffecarc ware leogth. 


copper 50% was transmitted, and A was 0 208 angstrom and with a layer of 
copper 1 mm thick, the transmission was 35% and A 0 182 angstrom* 


(3) Through the ratio of equivalent thicknesaes of two standard substances. 


The graphs of Fig 114 illustrate the important fact that the rsUtw* 
absorbing powen of two different substances vary with the wave length 
From these graphs, for example we note that 1 mm of copper a a more effee 
tivc absorber than 12 mm of aluminum for wave lengths longer Q 141 
angstrom but lea cffectiic for shorter wa\c lengths. Expressmg thu fact 
m another way we say that the particular thickness of aluminum which 
absorbs a beam of x rays to the same extent as 1 mm of copper vanes With 
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cormponduig to tramitioni of an electron from outer ihcHi or lereU to the 
N Ic\cL 

In Table XXI st ^v^ll be noted, e^jcaalJy for the M group, that more 
ware Icngthi are luted than might be expected from the aborc explanatjon. 
Thu IS due to the fact that the electrons m any one shell or level pich as the 
M, are arranged m lubshclls, and that; m consequence, the energy change 
when an electron goes from one subsh^ of the M IctcI to the K Icrel, u 
slightly different from the change corrc^nding to a transioon fr om another 
subshcll of the M lerel to the K. level 

110 Meaning of Corresponding Wave Lengths, — Insectioal06 
reference was made to the fact that the greater the atomic number of an 
element, the shorter the wave length of a corresponding ray (Sec again 
Table XIX ) By conrcipondmg raj's we mean those which anie from the 
same transitian m energy levels. Tims, for all elements, the wave lengths 
emitted when on electron drqu from the L level to the K, or more ex a ctl y 
from the same sublevel of the L shell to the K, are corresponding The 
reason why the wave lengths of such rays get shorter as the atomic number Z 
gets larger should now be evident. The greater Z the greater the posnfve 
charge on the nucleus, hence the greoter the sttraction of the nucleus for a 
K electron hence the greater the work which must be done to remove a K 
electron out of its ihelL When an electron returns to the K shell, there u, 
therefore, a greater loss ui energy and a shorter ware length u emitted, 

111 Effective Wave Length. — In the above lectxms we have ex 

plained how a beam of x rays may be analyxed mto its coosOtoent ware 
lengths. Although such an analysis u the ideal way of describmg the quah^ 
of a the practical radxilogut can scarcely be expected to exarnme quah^ 

m thu way He can bowever m«ln« use of wave length measurements 
obtained by other workers under laboratory conditions and by means of them 
record what u called the $ftctso* Ungth of the beam he u utibzing 

The meaning of cffecCre wave length may be defined m several ways. 

(1) In terms of H VX 

Su pp rv^ an operator u provided with a table gmng the H VX, in copper 
for a senes of monochromatic wave lengths, such as we have given in 
Table If, then without any analysu mto constituent wave lengths, he 

determines the H VX, for the beam he u usmg, he can read off from hu 
table the wave length of the monochromatic beam which has thu same 
H VX,. That wave length would then be taken as the effective wave length 
of his beam. 


CHAPTER XI 

SECONDARY X RAYS AND ABSORPTION 


113 Secondary X Raya. — In tho chapter wc discua m detail what 
happeru when a beam of x ray* a reduced m mtenatf by pa»age through an 
abiortang layer Suppoic we arrange an x ray tube and an electroscope as 
m Fig 1 19 so that no part of the fnmsrj beain leaving the target can enter 
the window of the electroscope. On operating the tube we find that the 
leaf f«Ht very slowly If, however a block of wood R a placed in the path 
of the primary beam, the electroscope a dacharged more quickly Tha 


increased lomzation a due to the emrsaon 
by the wood of what are csHed ucondarf 
X rays. The experiment illuitratcs the im 
portant pnnaple that, whenever x rays fall 
on matter there a a re-ema»oa in all direc 
twos, of secondary x rays. Tha het must 
never be forgotten To stand out of the 
direct path of a beam of x rays by no means 
msures protectwn from them for we may 
be hatb^ in rays from objects against which 
the primary beam strikes. 



Investigations regarding the nature of 
secondary x rays show that there are m 
general two kmds ( 1 ) scttwtd rays, which 
ta 0 first sfifroxmtaoH are of the tame ^ ^ 

wave length u the ongmal pnmaxy beam 


1 ' 1 1 1 

Expenmencil 

urasaoeeat 


and (2) tAaraetmifte fiuorrscmt rays 




which are charactenttic of the matenal of the radiator bong m fact identical 
with the characteristic x rays emrtted by the same matenal when used as the 


target of an X ray tube 


An opocaj eulogy will pCThip. hdp to make the diaerence between the 
two hndi clear If there tt much duit in a darkened room it n an eaay 
matter to tee a beam of light from an arc lantern If a red glaa n 
placed fa front of the arc the beam appeata red becaule red hght a redccted 
by the duit parnclct in all dirccDona. Now the phenomenon of acattenng of 
a rayi, while not eaactly the tame a not unlike tha teattciing of hght m all 
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the wave length Such equivalent thicknesse* of aluminum} as determmed 
by Duane, ore plotted m Fig It 8 By means of such a graph an operator 
can dciermujc the effective wave length of a beam m ttiU ano^er way AH 
that is necessary is to delemune by actual experiment (!) how much the 
beam ts reduced m intensity by I mm of copper; and (2) b) using memsmg 
thicknesses of absorbing layers of aluminum, the particular thicknea vrhicb 
reduces the intensity of the beam by the same amount os the mfllanetcr of 
copper Suppose the equivalent chkkne«s of aluminum was 16 mm. Then 
from this graph, we read off that, for a monochromatic wave length equal 
to 0 1 7 angstrom, 16 mm of aluminum absorbs to the same extent as 1 mm 
of copper Bj tbs method then 0 1 7 angstrom is the effective wave length 
of the mixed beam 

112. Relation of Focal Spot to Wave Length, — In earlier pages 
reference hat been nxade to differences m the tnt of the focal spots on the 
targets of tubes. Before concluding tha chapter, n a desrable to look it tbs 
question m the light of our knowledge that x rays are short ether waves. 
Since this ts the case, in radiography and fluoroscopy the radiologtst a dealing 
with shadow pictures, the details of which should be as clearlyi defined as 
possible To obtain good detail sharp shadows are necessary and these can 
only be obtamed by having a small source of rays, that is, a fairly fine focal 

spot. The case IS exactly analogous to the shadow patterns of obstacles [daced 

in the path of Lght rays. A small source of Lght such as P Fig 60* (an 
imcDvered arc lamp for example), casts a sharp shadow of an object O on a 
screen If, however, the source of hght Is comparable m axe with the object, 
os shown la Fig 60^ the portion of the shadow /f3 will be completely dark, 
whereas around it will be a region which receives light from some parts of the 
source, but which n cut off from other parts. The shadow a not sharp. In 
radiogTaphy it a exactly the same, and for good pictures it is necessary to have 
as fine a focus as the energy conditions will allow However care should b« 
exerased that rays generated from parts of the tube other than the focal ipot 
(as sometimes happens, since wherever electrons hit, x rays originate) are not 
allowed to fall on the body to be examined. 

On the other hand, £n treatment, it is • question solely of the ahsorptioa of 
rsdiaoon and there is no need whsteveT to have a fine focus. Indeed, as in 
tTcatment a tube u generally operited continuouily for some tune, it is highly 
desrable that too fine a focal spot be not used. 
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cliinge B 0 0+86 tngttrom. Hence, for % pnmary beam of ware length 
0 2 ingstrorn, the icattercd beam obscrred m * «Lrectxm at nght in^es to 
the primary, hu a waTC length 0^243 angstrom If the pnnuij beam « of 
Tcry short ware length, 0 05 for era tuple, the percentage change m the 
■waTC length of the scattered raT* » consderable, tha ware length bang 
changed to 0 0743 at 90^ and 0986 at 180 

The reason for tha change m ware length a given in section 1 18 

115 Characteristic Radiation. — (I) Aa already noted, fluorescent 
charactenstK rays are identical with the ch^ctenstic rays prenoujly dacuased 
(section 106) the difference between the two bong solely m thar mode of 
generatian. Fluorescent rays result from the stimulus of an cxating pnmary 
>¥»^rn of X rays, not from the unpact of electrons against a target 

(2) To exate fluorescent rays of the K group the wave length of the 
p rimar y }^m must bc sbortcT than that of eny of the charactcnscc rays m 
thu group. Since the shortest wave length emitted by any of the first 35 
elements ui the periodic table b longer than 1 angstrom and for elements 
with atomic numbers between 35 and 63 acted* OJ angstrom this condi 
tion a generally fulfilled for beams utilised in radiology at any rate fiir all 
elements except those of high atomic waght To exate the K charactersoc 
rays of an element Hke tungsten however a pnmary wave length shorter 
than 0 18 a necessary for platutum thorter than 0 16 and for lead, shorter 
than 0 14 angstrom 

In tha connection an important point relating to filtration ansea. Sup- 
pose a pnmary beam contains a mixture of hard and of soft rays and that a 
filter of copper a used to remove the soft componenta. In traversmg the 
copper the hard pnmary rays will exate the charactrratic rayi of copper and 
hence these will emerge from the filter as wcD aa a portion of the original 
hard beam. Now chanctenstK: rays of copper are soft and may give rae 
to the mjunous effect which the filter a put in to prevent. A second sub- 
stance, aluminum for example whose charactcnsoc rays are still softer than 
copper should then bc used on the sule of the copper remote from the tube. 
Tha substance will then absorb the soft secondary rays of copper but its own 
chanctenstic rays will do no harm because they are so much longer than tbo»- 
of copper that even a short thicknesi of oir abeorbs them 

(3) R^Utiv^ jcstUrfd rtdUtton^ charactcnsoc becomes more anportant 
for longer wave lengths. In tasue for example to quote from Mayneord* 
for X = 0 2 angstrom the abiorptiem a 90 per cent, scatter and 1 0 per cent 
fluorescent absorption while at 1 angstrom some 18 per cent, only a due to 
scatter Smee the wave lengths utilned m deep therapy arc often even 
• Mayneord, Th* Pbyuo of X Ray Tberapy p 4l (Chanhlll, Loodwi.) 
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dircctjonj by dust partjclct. It consaa m a re-^mmwn in all dircctiom of 
rays of approamalcly the same bnd as the pnmaiy Ivam . 

Agiun if certain substances are placed in the path of the h^m from an arc 
light, or m direct sunlight, they are wen to fluoresce with a briUunt and char 
actensoc color Uranium glass, for example, emits a brilljant greenah light 
in this way; a solution of sulphate of quinine in sulphunc acid shows a 
characteraoc and beautiful blue, and so on for many other substances. This 
fluorescent light u charactensuc of the substance and is caused by the exnta 
bon of the primary beam of bght falling on it. Charactensbc fluorescent 
X rays are closely analogous. They arc charactensbc of the substance and 
result from its sbrnulatun by a pnmaiy beam 

114 Scattered Hadiadoo. — We note certam details of importance in 
radiology 

(1) Scattered ra}'i are emitted in all directions (even backwards) by the 
radiator but with a maximum intensiy m the forward direction, that a, m 
the same direction as the primary beam. The shoner the ware length the 
greater the mtensty scattered m the forward direcbon 

(2) For elements of low atomic weight and a pnmary beam of short 
wave length, say not exceeding 0 25 angstrom, scattered radabon a of 
greater miportance than charactensbc. Since tissue a made up almost entirely 
of the hght elements hydn3g;en carbon, osygen and nitrogen tha means that 
when a beam of short wave length traTcrses tasue, scattered rays art of rtiy 
great importance Further reference will be made to tha queibon 

(3) When scattered rays were first studied, it was consdered that then- 
wave length was exaedy the same as that of the pnmary beam. Further 
exper iments, however, particularly those of J A. Gray and A, H Compton 
showed that the scattered beam consists of a mixture of tmtnoMfUd rays, that 
a, those whose wave length a the same as that of the pnmary beam, and 
modtfisd rays, those- whose wave length s different For hght elements and 
a pnmary beam of short wave length the mtensty of the modified beam is 
relatively much greater than that of the namodificd, a fact which means that 
there is a pro gr es u ve softening of a beam or lengthexung of wave length, 
when It traverses tssue. 

The magnitude of th» change m wave length depends on the direcbon in 
-winch the scattered rays are bemg observed. If ^ 3 the angle the scattered 
>w.ain under obeervaOon makes with the pnmary beam Compton showed 
that AX, the change m wave length » given hy the relation 

^ = 0 0243 (1 — cos angstrom. 

Thus, for 4* = 90®, the change 3 0 0243 angstipm; for <^ = 100 the 
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The nJct oa which the cipcninent a based a really a very sunplc one. 
When *ir a laden with moisture a fog will form much more readily if dust 
a present than if the sjt a dust free. It has been md that if til the looty 
y ViirVi pollute* the air over the aty of London could be consumed or 
in some way prevented from leavmg chimneyi, fogs would be neither tlucker 
nor more prevalent over that aty than elsewhere in England, The sugges- 
tion a on sound pbyncs, because water condense* readily when bttle 

particle* of dust or dirt are present to act a* nuclei around which drops can 
form Now Wilson showed that tons sdso *£t os niiclsi for tho forsnsixon 
of sutur irofs In the actual experimental arrangement ion* are formed by 
an lonrzing agent in moature laden but dust free air the air a allowed to 
expand suddenly and thereby be cooled, water condense* on the ions, and a 
flath of hght enable* a photograph to be taken. For toch snvisihU ton o 
wtbU drop a^^Kars. 

In Fig 120 then each hrtle whrte dot reprtaenO a droplet of water and 
hence an ion The student should have no difiBculty in tracing the irregular 
paths of some of the photoelectron* snee they mark their traHi by the ion* 
they have formed, 

118, Recoil Electroo3 and Scattering — To obtain cbaractenstic rays 
a photoelectron mutt be ejected from the atom. Scattered rays, on the other 
hand, arise from the impact of tbe primary beam against an electron which a 
comparaOTcly free, that n, an electron not strongly held by the attraction of 
the nucleus of an atom. To explain the change m ware length which take* 
place on scattering it is necessary to thmk of x rays as havmg a corpuscular 
as well as a wave nature Phenomena of interference have gi\cn ample 
evidence that ordinary hgbt, x ra)'*, — m fact, all clcctromagneoc radiationi, 
— have a wave nature On the other hand it is often necessary to interpret 
facts by thinking of radutjon as concentrated m httle bundles c^ed fhotons 
each photon posscismg the quantum of energy which we have seen m section 
109 is equal to Planck s constant h multiplied »■ the frequencj 

Now Compton showed that the oheerved change m wave length when a 
primary beam is sca tte red can be readily explamcd if we treat the impart of 
a photon against the scattering electron m much the same way as the coUmon 
of two particles. By applying the ordmary laws of conservation of energy 
and of momentum, he showed that if a photon with energy equal to hr strikes 
an tltctron (see Fig 121) the photon goes off m direction as scattered 
radiation with energy hr where / is less than r while at the same time the 
electron goes off m direction 6 wuh uutial energy equal to the difference 
between fe- and Ay This electron usually called a rtcod electron may cause 
some Kuuzaoon although sometimes much less than that of a photoelectron 
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•hortcr than 0 2 angjtrom, we ice again the importance of scattered radiidon 
in therapy 

For elements of high atomic weight, cspccully for longer ware lengths, 
absorption due to the cxaiation of characteristic rays is of greater importance 
than that due to scattered radiation* 

116. Photoclectrons. — When the wave length of the pnmaiy ham tt 
short enough to eaate charactcrunc rays, there is a photoelectnc emmion of 
electrons by the radiator These electrons arc of very great importance 
because most of the lonizabon caused by a beam of x ra)s a due to them. 
What happens is tha. A quantum of the ioadent primary radiation (if the 
wave length is short enough) has enough energy to eject an electron from 



Fn. 120. A ckKid.track photognph shoving p«th* of photodectrou vhea a beam of 
i-nj^ trmrtna a gaa. 

the K shell of an atom of the radiator) or alternately a somewhat longer 
wave length may remove an electron from the L shell j or a still longer wave 
length, from the N shclL In radiology we are chiefly concerned with the 
removal from the K shell After the removal of the electron, charactcnsoc 
rays are emitted m the way already described in section 109 The ejected 
photoclectron has m general sufficient veloaty to ionize by cnJIt i wn atoms 
along Its path. 

117 Sedng Iona. — The ionization of a gas traversed by a be a m of 
X rays is very beautifully illustxated m Fig 120 an example of what a some- 
times called a cloud cxpanikjn chamber or cloud track photograph As we 
yhall hiTc other occasions where we wish to vaualrze the presence of Jons, the 
basic pnnoplea employed m takmg a photograph like tha should be understood. 
Although WB cannot see an ion any more than an electron it a posable by a 
Tciy beautiful experiment, first performed by C T R Wilflon at Cambridge 
Umversity to each ion the center of a httle drop of water which rcreals 

Its presence m unmataVihle fashion 
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suddenly £*I1» from a togb to x low 
vilue As a first illiatration consider 
the clement tin and the graph of Fig 
122, which shows how the absorption 
for a fixed thickneas of this element 
changes with changing ware leng;tlu 
On the honzontal aza of the graph 
the wave length scale a m angstroms, 
but the scale for absorption on the 
other axis gires only reladre value*. 

Starting with wave length shorter 
than 0 1 angstrom we note that at 
first tm IS extremely transparent, but 
that gradually the absorption mcreases 
until the ware length 0 424 ts 
reached. At this crmcsl value, a 
sudden drop \n the absorption take* 
place wave lengths just longer than 
0 424 bang transmitted mu^ more 
readily than those just shorter How 
ever as the wave length continues to Gnpii tbovist rbangt m albaorp- 

„ the .bwtyooa igun ttetdl, dui^w, w.r, Wi. 

increases until at af^iroximatcly 3 angstroms, there is another sudden decrease. 
The qualifying word “ approximate^ is used, because actually there are 
three sudden changes, at 2 77 2.97 
and 3 15 angstroms. 

The same general phenomenon 
occurs if tin IS replaced by copper 
CTrep t that the first sudden 
ID a^rption does not take until 
the wave length 1J8 angstrom is 
reached. In the graph of Fig 123 
the change m the absorption of copper 
for wave lengths as long as 0 7 
angstrom is plotted. Contrast this 
gnph with th.t of Fig 12+ which 
.ppha to lad. Note thet for lad, 
the TiJue of the firit cnoal ehaorp- 
Fio, ID. GrmrJi thorn, ehoa to Jiarp. ““ Imgth a 0 14 Mgttrom, 

ooo of cophCT with rh t Vn g were tonph, » Ware length nght In the middle of 
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In some cloud tmck phoiographs, the lonmng pathi due to recoil elcctroa 
may readily be observed 

When a largo number of scattering coUisons take place, there are many 
different values of with corresponding values of 9 



119 Nature of Absorption-— 
We are now m a position to examine a 
little more carefully the reason why an 
incident beam of x rays ts reduced lo 
intensity when pas&ng through an ab- 
sorbmg la)cr The absorption, which 
IS due to the two processes we have 
been explaining m this chapter, a often 
described as afasorptioot aramg 

from scattering and tru* absorption, 
armng from the cmawin of photoelec 
trons. Since scattering mvolves a re- 
cmation of % ny% in all directnu, this 
means that port of the energy in the original beam a not truly absorbed by the 
absorbing material but rather diverted out of the original path, thus gmng rse 
to an apparent absorption • On the other hand, that part of the ongmil 
energy which is used to Uherate photoelectrons is truly absorbed. Work has to 
be done to pull these electrons out of the atoms, and this work a done at the 
expense of some of the energy of the pnnury beam When ahsorpixm. a dealt 
with quanotaUTcIy by the use of coefficients (set section 122) frequently a 
separate coefficient o a used for the scattering effect and another t for the true 
absoiptioa due to the photoelectron emisson 


Flo. Ill An wcadcat photon on ictUu 
ing a /!ree dectroo u scattered In dlrec* 
dm 4 aa a pbocoa of loMcr wave 
kosthand thidcctroagoesofiladlrec. 
Qonl 


120 Filtration and Critical Absorption Wave Lrcngth, — Refer 
ence has frequently been made to the use of filter* for remOTmg the softer 
components of a beam and it has been stated that, generally q^eaking shorter 
wave lengths are more penetrating than longer Thu statement we must 
now examme a litde more carefully 

For a giyen aheorbing substance, it a only partially mv to state that the 
longer the wave length, the greater the aiaorpoon. When ahsorpOon 
taeasurtmenta are made over a wide range of wave lengths, it a found that 
as the wave length a mcreased, at certam cnbcal wave lengths, the ahaorpticui 

* The CDcrgy to rcooll lectTotu li a ten* xbaoipOoo, and, in refined 

tbeorptlon by icittiirfng h mbdlndad Into appuem abeoxptln and iHk 
true abaoiptim. 
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the photon is equal to the energy needed to rtrooTC the electron Now as 
the ware length of the primary beam is gradually increased, or the frequency 
decreased, the energy posseaed by the photon becomes less and lea until at a 
certain critical wave length, 0 424 for tm it b exactly equal to the amount 
needed to remorc the K electron At that stage absorption becomes a maxi 
mum, For all wave lengths longer than this critical value, the photon has 
not enough energy to remove a K electron, and at 6rst there b a marked 
decrease in absorptioa sajce the photons m this region have far more than 
enough energy to remove an L electron But once more as the wave length 


Tasix TTIT — •Borrtrr oa K. cairtcAt. AMOamoa watx lejicitbi 
roa A raw coHUoa auMum^ 
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50 
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0 424 

74 
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0 178 

71 

FUtiimm 

0 158 

G 
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0 140 


increases, the absorptun gradually increases again untd it reaches a 
at a second critical value, where the energy of the photon is exactly that 
required to remove the L electron Because an electron can be removed from 
each of the L subshells, there arc the three critical absorption L values to which 
reference has already been made 

It B mtercsnng to note that, if we take the K critical absorption wave 
length, 0 424 and calculate the corresponding voltage by means of the relation 

, 12354 

ma-nmiim voltage = 

wave length m angstrccos 

the nlue we ohtem. 29 1 Kv, a euctlj eijuj to the Toltige which mutt be 
applied acroa an a ray tube wnh a tm target before the characteristic layi 
of tha element are emitted Thil agreement a due to the fact that, whether 
we eiate the complete I ray Ipectrum by the impact of electmtu agauat a 
target, or by the ahsorpoon of a pnmaiy beam the atom mutt be loomed by 
the removal of a K electron In the latter case the energy utilried a that of 
the modent photon which, as we have already tmphasiaed dcpvoda on tie 
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the region u*ed in Jeep therapy It follows that a iUter of lead n very undesr 
able, because of the high absorption of some of the very wave lengths wbcb the 
operator wishes to use, that », those just shorter than 0 14 angstroM. 

In choosing a filter, therefore, care must be exerased that there n no 
critical absorption wave length m the 
region In which the wave lengths ire 
wanted A glance at the values of 
the shortest (or K) cntical absorption 
wave lengths given in Table AXIT, 
will show that for the ordinary mate- 
rials which may conveniently be used 
as filters, wnb the exception of lead 
(platinum and tungsten cannot be 
classed as ordinary matenali), the 
cntical absorption tvave length » con- 
siderably longer than the longest 
wave lengths usually used m radjology 
For aD these elemenB, if we restrict 
ourselves to radiology uses, the shorter 
the wave length, the more penetrating 
the beam 


121 The Meaning of Critical 
Absorption Wave Lrcngtha, — 
In section 1 1 6 we stated that u order 
Fio. 124. Grtph «Iwwing clumge In «haorp- to have an cmanon of cbaractenstic 
two. of lead with r h i nging warclcofthi. fluorescent rays, the madent photon 
must have enough energy to remove an 
electron from the K or the L or the M shells. The energy of the photon » 
absorbed and used to do the work of removing the electron We have also 
previously pomted out that the quantum of energy possesKd by a photon has 
the magntojde fir where fi a Planck s constant and r u the frequency of the 
X ray Suppose now we begm our abeoriang experiments with an element 
Hke till usng first a wave length as short M 0 05 angstrom. The correspond 
mg frequency is then extremely high (suice the shorter the wave length the 
higher the frequency) and the quantum of energy po*se«ed by the photon 
s {it more than tj neccasaiy to remove a K electron This photon a then 
not readily aheorbed because we know from expenments dealing with energy 
exchanges of tha kind that the probability of an absorption with consequent 
ejection of the electron a greater the more nearly the cner^ poiscaaed by 
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throu^ *I»orbuig equal tincinme* reduce the mttnstty by the &ine 

frdctwul amount or, altenutely equal tbckncssca reduce the logamhm of 
the mtensttf hy equal aiDOunts. When absorption a studied quanotatively, 
these ideas are utilized by adopting ahsoiptian coefBoents. 

The Smot sisorftton represented bj ;u, a, by definition, equal 

to the reduetjon per unit thickness, in the logarithm (to the base a) of the 
mtematy Students who bare studied logantJuns will perhaps recall that the 
natural base iHsr is, the base which 9 UKd m the calculation of the actual 
numerical values found in log tables, is not 10 the common base, but the 
number / which a equal to the sum of a senes and to ten decimal places has 
the value 2 7182818284 According to our definition, then, 

^_ log J.-log / * 


where /g a the ongtnal mtensity and / the mtensty after the beam has travexted 
a thicknesa equal to a- cm of the absorber 

To he of practical use, chat a, ut order chat log tables may be used, we must 
change over to the bass 10 When tlus a done, the fac^ 2^0 appears in 
the working formula 

^ _ 2-30 (logM J» - logic T) 


A concjcte caompls wifi iUuitratc the use of tha reJatiom Suppose we wah 
to find Hj for copper for the particular wave length which a absorbed in 
accordance with the results gwen in Table XIV stetoon 86 From tha 
table we note that the mtensrty falls from an inrtal /g = 100 units to / =: 66 8 

units after the beam has traversed OJO mm. of «>ppcr We have, then 

X 2J0 (log 100 - log 66.8) 

005 

_ Z30 CZOOOO - 1.82481 


= 8i)6t 

• This orprcttKO may abo be written / - /,c"* 
t p can «1» be found using the capooendal catwetaoo / . 
<564 


In this caso 


66J - I00.-»» or ,-«• _ ^ ^ opooental utla « am then 


be found. 
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wave length; in the former ca«, the energy tt that actjulred by an electron 
in falling through the potential difference across the tube The two encrgM 
must be equal and that is the cause of the agreement between the ralucs of 
the voltage calculated by meani of the abore relanoa and the exp e r im ental 
value found necessary to exate the charactenstjc rays. Indeed, it a not a 
difficult matter to derive the above relation connecting voltage and wire 
length, if we cqiute these two energies. 

If the student will refer hack to page 44, be wiH be able to write down 
at once that the energy acquired by an electron after faffing through V volts 
n equal to 

^XlJSX10^>cigs. (1) 


Again, the energy possessed by a photon 
= hf 




. veloQty of waves 

i frequency = — — — — - 7 — • » 
wave length 


6.S6X10~«X3X 10>** 


X in centimeters 


' crg8» 


19.68 X 

X in angstroms X 10^ 
19 68 X 10^ 

X in angstroQU 


EquaGPg (D aod (2) hare 


or 


rx 1.6X 10-“ = 


V Cui volts) = 


19 68 X 10-* 

X (in angstroms) 
12300 

X (in angstroms) 


(Usmg more accurate values, we obtain 12354) 

1 7?- , Absorption Coefficlciita.f — Iniection86 Chapter Vill a was 
pomted out that when a homogeneous beam is reduced m mtennty by paswge 
♦ t ^ 10 ^ ers« X iec».i the Telodty of all elcctrofnafnetic war** 

= J X 10 “ cm. per**. 
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For the ndaoon dealt with aboTt, that », the beam which has a linear 
abeorption cocfikient m copper of 8 0 the maas absorpoon coeffiaent, or 

^ or 0^, smcc the dmiity of copper is 8 9 grama per cc. 

In standard tablei it a usuallj Taluca of - whxh are given, for different 
P 

lubstancca and different wave lengths. For example, m an appendix to 
X R^s tn Th*cry *nd Exptrmunt by Compton and Allison (D Van 

Nostrand Co ) tables are given of the values of - for all the elements, for 

a wide range of wa\e lengths, A few examples taken from that book are 
given m Table XXIII 


Taat* XXIII — Vjuots or ** roa Arounrou, Ciaao* ajtd Correa 
/» 


Wave length 

064 1 

■a 

098 

■a 

175 

1^ 

260 1 

417 

Ahuninum ' 

130 


156 

186 

228 

B 

402 

118 

Carbon | 

130 

mm 

U2 1 

in 

163 

B 

188 

256 

Coppa 

198 

\ “ 

375 1 

57 

1 12 

1 in 1 

[ 3 25 

11 4 


Using these reiulta, we note that the wave length whose absorption was 
dealt with m Table XIV must havea value between 0 13 and 0 175 angstrom, 

since Its - for copper B 0 90 
P 

Note that for light elements such as carbon and aluminum the values of 
- (1) are less than those of a heavier clement such aa copper for corre^nd 
TasLi XXIV — - rOE a rrw eumevt* toe vavx lmotm 0,11 A»o»TEaM 

p 


Material 



P 

Para^ 

CaiboQ 

0 21 

0 176 

0 m 

1 62 

5 07 

Sr 


mg ware lengths and (2) increase with mcrcasmg wave length much more 
slowly for bght elements than for heavy The first point n further emphasized 
by the >alucs given in Table XXIV (taken from Compton and Alhton) 
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Again, mmg a thicbicu of 1 mm., with I, = 100 and I = obtim 

2A0 (log 100 -log 41 7) 

'' 01 
= 8dM 

Or, talong one other e xa m ple, «nce, when the thicltneis of absorber cbangcs 
from 1 00 mm. to 1 75 mm , the Intcnsty drops from 41 7 units to 24 J units, 

2210 (log 44.7 -log 24 
175- 100 

= 82)1 

The homogftjieoia beam of rayi to which the mulo of TaUc XIV ippifj h*», 
therefore, a linear absorption coefficient m copper of 8 0, and by this n umh er 
Its quality may be accurately described. 


123 Mass Absorption Coefficient — Of greater nsportance than p, 
u the fMU 4btorftton Suppose we compare the absorption of a 

homogeneoua beam by water m the bquid state with the same su b t t a nce m the 
vapor state. If we keep the cross-section of our beam constant, we find that 
in order to obtain equal absorptioa by vapor and by liquid, such a thickness of 
Taper must be used that the total mast of water » the tame as m the equrralent 
thickness of IxjukL Thu suggests that a coeffioent more fundamental than p 
IS one in which we deal with the reduction in intensity per unit mass, for a 
beam of umc croa»-«ectiaa 

Now mass = volume X densrty 

= cro»-sectional area X length X density 

= 1 jr P, 


for a of unit crats-seeban length jf cm., and densi^ p grams per cx. 

From our dcfinioou then we can wnto 


rnam absorption coeffiaent = 


2.30 Peg 7, -leg 7) 
total mats 


2.30 (log7« - log 7) 


fi 

P 


X p 
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oc» in this problem 

Z. = 

/o 

From exponentul table*, we find, a» before, that J = 0 O^Sfen 

125 The Coeffidenta tr and e — Ai we have eipbmcd m aection U9 
of tha chapter absorption reault* from the two proceasea of scattering and 
photoelectric emttawn. The coeffiaent /i, therefore, a frequently separated 
into a scattering coeffiaent <r and the true abaorptjon coeficaent rj or, if we 
use rp«<a absorption coeffioeots, we can wnte 



P P P 


In refined measuremena <r is separated into the component o due to the 
apparent absorption by scattering and the component 9 doe to the true 
alMrpOoa by rccod electrooa. 

For light elements - dungea slowly with increaaing ware length, and 
P 

the mean value of 0 2 m the deep therapy region girea a fair idea of rts 
magnitude. 

The value of t on the other hand mcreases rapidly both with increase in 
ware length and with increase m Z the atomic number of the absorbing 
clement, its nugnitude being approximately proportional to X‘Z* Hence for 
heavy elements and long wave Icngtha, values of r run mto large numbers. 
Even for bght elements, if we deal with wave lengths much longer than those 
encountered in deep therapy the value of t a many timca greater than <r 
On the other hand for extremely short wave lengths, the scattering coefficient 
becomes the more important because the small value of X* makea r 
regardless of the value of 2 

If we deal witli>a sufficiently large range of wave lengtha, because of the 
sudden changes m the absorption at the critical absorption wave length (section 

121) wchaiecorrcspondingiuddenchaiignuiboth - and - The graph* 

of Fig*. 122 123 and 124 were plotted from valuei of - given m the tabic* 

0 

in Compton and ABnon s book. 
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It foUow* from the wcond pouit that, if wc confine ourtclrcs to wave lengths 
withm the range given m Table XXHI, copper a a much better roiteiul for 
a filter than the other two luhstanceg, because of the bigger contrast ui the 
absorption of short and of bng wave lengths. 


124 A Numerical Example. — Gnnn a coff<r jUu of thoitu 
2 2 mm , fnd hovj much U unit rtdxuo th* mUnsiij of a monochromatic 

Uom of x-rejt of vjm Ungth 0^ angitrovu, if “ for thu nww Ungih u 

P 

equal to 1 J9 

Since “ = I 59 and p for copper = 89 (gms. per cx.), 

P 

p = 1 59 X 89 
= U 1 

Let A = the intensrty of the beam madent on the copper plate, 
and / = the emergent mtensitjr 



i4.i = uo'°«-ArJf«Z. 


14 1 V 0 22 

Therefore, log /# - log / = = 1 J5 

or logj = lJ5 

Usmg log table*, we find that 

j = 22, or I=0O4SI^ 


B, the emergent mtenar^ is only about 4 5 per cent of the modent 
Usnig ^Tj^npjitrltj we have the following altexnatiTe solution. 


log A - log/ 


» can be wntten 
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tan pirn onnot be brought near the plate and acattenag of i raya makta tt 
unpoKMe to obtun good reaultl. Can the difficult) be oTercome m any way f 
There are two ways in which the desired improvement m contrast may be 
obtained (1) by diaphragnung, (2) by the tue of the Potter Bucky Diaphragm. 


127 DUphragniBandSec 
ondary Rays, — Diiphngm 
mg ctxoiisa in hmitmg the jper 
turc of the pnmary bcaun by 
mcani of an opaque filter with 
tuitabjc opening In Fig 127 
for example reprweno a 

daphragm which limits the area 
of the beam on the plate to MN 
whereas had a diaphragm been 
uaed of the trie indicated by the 
dotted line*, the area would hare 
been hmited to CD If now it a 
pooble to diaphragm lufBaently Fia 127 Effea of duphragm m the cdu of rtyi 
when radugraphing a thid: body 

conuderablc improvement m the contmt can be obtained Tba may best be 
shown by giving aome experimental results of WfUey of the Eastman Kodak 
Co, who made on extended study of the effects of scattered rays in radiography 
Wilsey by a muple experimental arrangement was able to compare the 
photographic intensfiy of the pnnary or focal beam with that of the scattered,* 
Using an aperture which gave a picture on the plate 20 mehes m diameter, and 
a lajer of waur 6 inches thick ai the scattering material, he found the mten 
Bty of the scattered raduoon to be 4 9 times that of the focal beam By 
diaphragnung untfl the picture was 8 inches in diameter scattered radiation 
was reduced to 4 mnes the focal while if the picture were made 4 inches in 
diameter the raOo was reduced to 2 In other words, if one could con 
remendy use a picture 4 inches in dametcr the effect of scattered rap is cut 
down considerably but with a scattering layer 6 mehes thick the effect of 
scattered rsp is still twice that of the direct rap from the focal spot. While 
»mc unproiement, therefore a obtained by cutting down the aperture of the 
beam the method a limited m its appbcaOon and at the best not very effiaent 



128. The Potter Bucky Diaphragm. — In the Potter Bucky du 
pbnigin, the radiogtaiiher n roppliej with lui anMgenient wlncli very con 


Uod<r •'•cauered" b abo fadixied the rvliatioa 
np onginktlDg at placet other than Um focal ipot. 


»Wch njjfht be promt dw to 
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126. Scattered Raya and Radiography — The aun ot the ndto- 
grapber ts to obtain a ihadow picture showing good contrast and defimticuia 

That scattered raj-j, in some cases, 


~ nu) leacn the sharpneaof the ptt 

tore to such an extent as to make it 
of hide use should be evident from 
*7 an inspection of FJg 125 In thu 

/ ^/' 1 A illustratjon • b, and e represent the 

\ ^ shadows of three tmall obstacles, 

I j A B, and C, on a pbotograpbe 

,/ < 2 * \ plate or film If scattered rays 

^ were of no unportance and the 

focal spot at F were fairly small 
• 1 \ such shadows would ordinarily be 

p p' ^d the plate would show 

• ^ c marked difference* m densty be 

Fio. 115 Sudovtofobjeeti/f B tadCutaot tween the regions s b, and e and 
iSatin’.M ^ their lurroundHigi. Suppole. how 

ever the objects A B and C are 
surrounded by other partKlcs of matter (as mdicated by the small dots) which 
scatter x rays m all directnni. In that case sharp shadows would only be 
pcaeUe when the objects ABC 


were placed near the plate or film, _ — 

somewhat as illustrated m Fig 126 
If the objects arc not near the film /jf'X 

sharp shadows will no longer be pos- / ^ j ' 

fible, for two reasons. In the first M ' ' 

place, the scattered rays from each / ^ 

particle such as I and 2 Fig 125 / I \ ' 

win cast their own shadows, and for / t ^ 

each parbclc the shadow due to this ' ^ 1 \ \ 

cause will occupy a different position / / i ^ ^ \ 

Again scattered rays from many of l7^\ C*\ 

the particles can pass under the objects ■ « p 

and m this way affect the photographic ^ * 

plate m the region which the object Fio. 12&. Shadow* o/objeco.f/ B tod Care 
Huddifmmpnmiwyray.. For thaw jJ^l/otJ«..rrrl«»d»pl«top.ptfc 
rosons a good radiograph under such 

conditions would be mipo«ible. Now whenever an operator wahe* to make a 
radiograph of a th“*k portion of the body he a up against tha difficult) Cer 
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Now when the Bucky duphngm tised and the ejqxwire a very short, some- 
time shadow* are obserred on the photographic plate even if all the mechanical 
conioon* such a* tube position are saosfactory 

One cause of the*e sl^dow* arises from a s-cry high surge in voltage which 
may develop m tome circuits when the primary aremt a dosed at an instant 
when the alternating current is not at its zero value. Such surges, magnified 
by the high tenson transformer cause a momentary large tube current, and, 
therefore a momentary extremely intense “ flash of x ray*, a beam which 
may be so mterue as to throw a grid shadow on the plate. To prevent this 
type of gnd shadow an arrangement, such as the Westingbouse Igmtron 
Timer 0 used to insure contact of the pnmary twitch being made at the 
nght instant. 

A second cause of gnd shadows arises if the tube current o mtermitlcnt, as 
It 0 in ordinary self rectifying units, or half wave, or full wave rectifiers (see 



Fia 129 To lUottnitt >rockro(nutioo of |tU iludovs / e todd 


agim Figs. 74 and 8 1 ) With the ty^pa of current shown in these figures, 
there are really a senes of flashes of beams of x rays, each fbHowmg the 

other (when the supply 0 60 cydes per second) after an mtcrral of ~ 

120 

tecood for Ml w«tc (Fig 81) or of — cycle for idf rccnlicd or half wmve 


irrangemcno (Fig 74) 

Suppose an oyserator n taking a high speed photograph svith a Buckp du 
phrapn It might easdy happen that the motion of the moTmg gnd srould 
lynchronite with the fiaahej of the i ray beam Tha would happen if the 

speed of the gnd were such that eveiy ^ of a second, for fuD-wave or — 

of a second for half leave, the gnd moved such a dmance that the shadow 
of the strips came m ejcactly the time place each Hash. In Fig 129 a i c J 
r^reaent four succetsse posmons of the gnd shadow pattern when there a 
uui type of ^nchronizidon. 


Such shadow, could not possbly occur wmh constant potential a „y emnt,- 

ment, because u, that case there would be no mtermment Hashes butaZn^ 
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uderably reduce* the effect of scattered rays when thick portxwis of the body 
are being photographed The underlying principle as first suggested by Bucky 
IS simple Suppose, as shown m Fig 128, a gnd of lead ttnps, separated by 
narrow shits, is placed between the object to radiographed and the photo- 
grapiuc plate If the lead strips are placed so that they he lengthwise aioag 
a curve somewhat as shown m the figure, it should be evident that if the target 
IS so placed that the focal ^loc cemada 
with the mtersectson of the dotted hoes 
m the figure the only nys whxh can 
get through the dots and so strike the 
photo plate arc those m the dirccnoa of 
the focal beam. Secondary ray* m 
other directxins are cut off I 7 the lead 
stnps as n clearly shown in the figure 
in the case of a few rays horn particles 
1,2 and 3 Sharp shadows of objects 
such as and jS therefore, are cast. 
With a staoooary gnd of the bnd de 
scn'bcd however such radiographs 
would be of httle use because the sW ^ 
ow* of the lead itnps themselves would 
be supenmposed on the picture. 

In the Potter Bucky duphragm tbi 
' difBculty IS overcome by adoptmg Uie tunple devKe, suggested by Dr Potter, 
of keeping the gnd m steady motion throughout an exposure. By this means, 
since each portion of the plate u covered for the same length of tunc by each 
lead strip, the effect of gnd shsdows 9 eliminated Whh such an arrange 
ment excellent radjographs may be made of the thick portions of the body 
The gnd move* along a curved track and u thus always m the position to allow 
the passage of pnnuty rays, whfle immedutely above the gnd a thin curved 
sheet of metal supports the panent. 

129 CaURca of Grid Shadows. — In using a Bucky diaphragm die 
time of exposure m increased consricrably Thts should be evident when it 
a remembered that under certain conditions the mtcnsrty of die scattered 
radiation may be as much as five tune* greater than that of the primary beam. 

If most of the scattered rays are removed ty the gnd there a a consequent 
mcreasB m ciqioeure time 

To the time of exposure rtry Jiort, as a lometanes desuxbJe x ray 

of high intwistie* mutt be used, that a, the tube current mutt be 



Fta. tSS, Shadows of the obfeeti ^ sad S 
are cast oolr by rtfi crardSag la the 
cUrectMO of the pamary beam. 



CAUSES OF GRID SHADOWS 


151 


Now when the Bucky duphrugm a u«d and the exposure a rcry short, some- 
time shadows are observed on the photographtt plate even if lU the mechanical 
conditions such as tube position are satafactory 

One cause of these shadows anse* from a very high surge m voltage which 
may develop m some circuits when the pnmaiy circuit is closed at an mstant 
when the alternating current is not at its icro value Such surges, magnified 
by the high tension transformer cause a momentary large tube current, and, 
therefore, a momentary extremely intense flash of x rays, a beam which 
may be so intense as to throw a gnd shadow on the plate. To prevent this 
type of gnd shadow an arrangement, such as the Wcstmghouse Igmtroa 
TTmer a used to msure contact of the pnmaiy switch bang made at the 
nght instant. 

A second cause of gnd shadows arises if the tube current is intermittent, as 
It a m ordinary self recnfymg umts, or half wave, or full wave rectifiers (see 



Fn. 129 To dlQitnte tvndutiolxaooa of grid iludovf « f c $adJ 

agam Figs. 74 and 81) With the types of current shown m these figures, 

there are really a series of ‘ flashes of beams of x rays, each following the 

other (when the supply a 60 cycles per second) after an mterval of -~ 

In) 

second for full wave (Fig 81) or of— cycle for self rectified or half wave 
arrangements (Hg 74) 

Suppose an operator ts taking a high speed photograph with a Bucky dia 
phragm. It might casfly happen that the roobon of the movmg gnd would 
synchronize with the flashes of the x ray beam. Tha would happen if the 

speed of the gnd wcix such that esery — of a second, for full wave or ~ 
lAI ^ 

of a second, for half wave, the gnd moved such a distance that the shadow 
of the strips came in exactly the same place each flash. In Fig \29 s h c d 
represent four succesave positions of the gnd shadow pattern when there » 
tha type of i)nchronfzation. 

Such shadows could not possfljy occur with constant potential i ra> equip- 
ment, because m that case there would be no mtemuttent flashes, but a n^y 
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Btderably reduce* the effect of tcattered raj* when tbek portwn* of the bod/ 
are bang photographed. The underlying principle, as first suggested by Buck/, 
1* simple Suppose, as shown in Fig 128, a gnd of lead stnps, separated by 
narrow slots, a placed between the object to be radiographtd and the photo- 
graphic plate. If the lead ttnpt an: p^ced so that the/ he lengthwise along 
a curre somewhat as shown m the figure, it should be evident that if the target 
a so plattd that the focal spot cotoodei 
with tbe intersectioo of the dotted hues 
m the figure, the only rays which can 
get through tbe slots and so strike tbe 
photo plate are those u the dhrcooa of 
the beam. Secondary njn m 

other directioos are cut off by tbe lead 
itnpo, as a clearly shown m tbe figure 
m the case of a few rays from particles 
1,2, and 3 Sharp ihadowf of objects 
such as A and B therefore, are cast. 
Wth a statiooary gnd of the lond dt 
scribed, howerer, such nda^/aphs 

would be of htde use, because tbe shad 

ow* of tbe lead str^ themselres would 
be superimposed on the picture. 

la the Potter Bucky diaphragm thfl 
difficulty ts orercome by adopting the simple deriet, suggested by Dr Pottcft 
of keepmg the gnd in steady moOon throughout an exposure. By tha means, 
since each portioo of the plate ts corered for the lame length of tune by each 
lead stnp, the effect of gnd shadow* a elaaiaated. WiJi such an arrange- 
ment excelltnt radiographs may be made of the thick portioos of the body 
Tbe gnd mOTC* along a curred track and is thus always in tbe posmon to aDow 
the pojnge of prunary rays, while immediately abore the gnd a thm curred 
sheet of metal supports the panent. 

129 Causes of Grid Shadows. — In usmg a Bucky diaphragm the 
of oqxwunj m mcreaaed coruKlersUy Tha should be endent when it 
a remembered that under certain coadibona the imemity of the KtiSxxtd 
radutBo may be as much as fire times g rea t e r than that of the primary beam. 
If most of the scattered rays are removed I7 the gnd there n a consequent 
mcrcase in exposure time. 

To the time of exposure rary short, as b someCunes desoable, x-ray 
ot high mtemmes mutt be used that b, the tube current must be high 



Fta 12t. Shsdovs of the oblects ri tod 5 
are cast oofr bf r*T* tnrctEoc ts tfa* 
ffinctHO of Ok priimarjr beam. 
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Now when the Bucky duphragm a used and the exposure » rery short, some- 
tune shadows are observed on the photographtc plate even jf aD the mecha n tcal 
condioons such as tube posmon arc satafactory 

One cause of these shadows anscs from a very high surge m voltage which 
ma y dcTclop IQ somc OTCwts whcn the primary circuit is closed at an mstant 
whCT the alternating current a not at its lero value. Such surges, magnified 
by the high tension transformer cause a momcntaiy large tube current, and, 
therefore, a momentary extremely mtense “ flash of x rays, a beam which 
may be so intense as to throw a gnd shadow on the plate. To prevent tins 
type of gnd shadow an arrangement, such as the Westmghouse Ignitron 
'Timer is used to insure conact of the primary switch being made at the 
right instant. 

A second cause oh gnd shadows arises if the tube current is mt crm ittent, as 
It a in ordinary self rectifying units, or half wave, or fuD wave rectifiers (see 



Pro, 129 To IHiiatnce fTuchroaizatka of gnd aludowi « k t aadd 


agim Figs. 74 and 8 1 ) With the types of current shown m these figures, 
there are really a senes of flashes ' of beams of x rays, each foDowuig the 

other (when the supply b 60 cycles per second) after an interval of 

120 

Kcond for full-»«Te (Rg 81) or of — cjde, for «lf rectified or hjf ware 

OU 

arrangements (Fig 74) 

Suppose an operator is taking a high speed photograph with a Bucky du 
pbragm- It might cafly happen that the motion of the mosing gnd would 
synchronize with the flashes of the i ray beam. Tha would happen if the 


^ed of the gnd wxre tuch that ereiy -pre of a Kcond, for fuJl ware or — 

IaI gQ 

of a second for half ware the gnd tnored Rich a dwtance that the thadow 
of the ttnpl came m exactly the tame (dace each flalh. In Fig 129 . i c W 
rcprocot four tuccemve poRtion, of the gnd ihadow pattern when there n 
lha type of synchronization 


Such iludow, could not pcmihly occur with conttant potcnnil i rav coum- 
ment. hccaute m that caic there would be no mtermment flaihea, but a 
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aderably reduce* the effect of scattered ray* when duck portioni of the body 
ore bang photographed The underlying principle, os first suggested by Bucky, 
a ample Suppose, a* shown in Fig 128, a gnd of lead itnp*, separated by 
narrow slots, is placed between the object to be radiographed and the photo- 
grapbe plate. If the lead stops are (daced so that they he lengthwise along 
a curve somewhat as shown m the figure, it should be evident that if the target 
a so placed that the focal spot colacvla 
with the intersection of the dotted hncs 
in the figure, the only rays which can 
^ get through the sbts and so strike the 

photo plate are those m the direction of 
the focal beam Secondary rays m 
other dircctxins are cut off by the lead 
itnpe, as is clearly shown m the figure 
m the case of a few rays from particles 
1, 2, and 3 Sharp shadows of objects 
such as and B therefore, are oat. 
With a stanonary gnd of the bnd de- 
scn’bed, however such ndxgraphi 
would be of little use because the shad ^ 
Fio. Iia. Shadows of the objeoi /f and B ©ws of the lead strips themselves would 
arc cot enjT br riT* Cra njllHj in tbo , , i _ 

Hin-rtfoT, of die prunary bcaoi. be superimposed on the picture. 

In the Potter Bucky diaphragm tins 
difficulty IS overcome by adopting the simple device, suggested by Dr Potter 
of keeping the gnd in steady motion throughout an exposure. By this means, 
smee each portion of the plate ts covered for the same length of time hj each 
lead strip the effect of gnd shadow* a eliminated. With such an arrange- 
ment excellent raihograph* may be made of the tlnck porOons of the body 
The gnd moves along a curved track and a thus alway* in the postion to allow 
the passage of primary rays, while immediately above the gnd a thm curved 
sheet of metal supports the patient. 

129 Causes of Gnd Shadows. — In usmg a Bucky diaphragm the 
time of exposure m mcreased considerably Tha should be evident when it 
a remembered that under certain conditions the mttnarty of the scattered 
radiation may be as much as five times greater than that of the pnmaiy beam. 

If mo*t of the acattcred rayi are removed by the gnd, there h a consequent 
increase m exposure time. 

To the time of exposure very short, as is aometime* desnahle, x ray 

l^Ttn of high mtcnsties most be used, that v, the tube current must be high- 





CHAPTER XII 

MEASUREMENT OF DOSAGE FOR ROENTGEN RAYS 

13L Quality and Intensity — In the field of radiology x nyi are wd 
in two general wayi (1) m dugooja, ather by photography or by the me of 
the fluorescent screen and (2) m therapy where the aim ts to bring about a 
beneficial effect on diseased tiaue In the latter field, where the raja are an 
agent for treatment, it is just as important to know the dose as it ts m 
prescribing ordinary medicmei. In either case, too large a quantity may kill 
of cure the patient- It u necessary therefore to consi der somewhat 
m detail ths whole quesoon of dosage. 

First of aQ, it will be evident that to describe accurately a given beam of 
z rays two things must be known (i)itsquaLty and (2) ns iqtensty at any 
particular place in the path of the We hare already nrplained how the 

quality a described by ginng the constuuent wave lengths of the beam, or na 
cffccove wave length or the H V L. in some standard materuL So far 
howeser although some use has been made of the idea of mtensty the exact 
meaning of this term and ics relation to dosage has not yet been discussed- The 
donncOon between the two quantities, while simple is so important rhar it a 
worth while noting an optical iHusCration Suppose a red glass a Kgld tn the 
path of the beam of hght emerging from a projection lantern and fallin g qq » 
screen- If the bght msde the lantern a brighter (as can readily be 

done in the case of an electric arc by increacng the current) the red spot aT<i-i 
becomes brighter The light falhog on the screen a uill red, that jjj 
quahty a imchanged, but ns intensity has been increased. 

Again m sound a tumng fork nu) be struck very hghdy so that it a difficult 
to hear the emitted note or jt may be struck violendy and heard at a con 
siderabie datance- In both cases the quahiy of the emitted note a the same 
(unless hamicuucs arc present) m the latter case however the mtemity a 
greatly mcreased. 

So m X raj-s, we might operate a Coohdge tube always at constant voltage 
but m one case with low m U lum perage m a second case high- The effccurc 
wave lengths m the two cases would differ but little m the second case how 
cser the mtensty would he greater than m the former 
155 
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iteadjr tube oirrcnt, as shown previously in Fig 85 At least one nunufic 
turer has shown that e\en with a full wave gcj^erator, it is possible to attach 
a unit, the Gnd Line Eliminator of the VVestinghouse, for example, which coih 
verts the pulsating potentul mto constant, the capacitance of the Eliminator 
being such that during the exposure there is no moment when the x ny 
mtensity falls appreciably low ” This unit u such that it may be rcidilj 
switched m or out, that is, so that either constant or pulsating potential a 
availahle 

130 Lysholm Grid — Dr Lysholm has shown that it is poaihle to use 
a suitably consinictcd sUUonerj gnd. In this, absorption of scattered radix 
bon b accomplished by exactly the same means as in the Bucky diaphragm. 
Although It IS designed for fluoroscopic use, the manufacturer of the Lysholm 
grid states that it may be used with advantage in radiography because the &mt 
shadow of the lead strips “ by no means interferes with the diagnosbc value of 
the radiograph." The god a a light flat sheet which may conveniently be 
put into poaoon and used to advantage by a radiologitt whose outfit does not 
include a Potter Bucky diaphragm. 
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mcntil or absolute mtensty as defined above the term €§€cttv$ intensity may 
be used, but, as tha a not done in actual practice we shall not do so. It must 
not be forgotten, bowever that henceforth when we use the term mtensity 
we are thmlong of its use m this restricted seme. 

134 Means of Measuring Absorbed X Ray Energy — The prac- 
tical dosage problem in therapy therefore is to find m some way a means of 
stating that in a particular treatment to many units of x ray energy were 
absorbed by tmue At the outset it may be stated that there a at present no 
means of measuring direcdy the energy absorbed by tesue. We arc forced 
to t rrV^ use of the change which x rays on ahsorpDon bring about in some 
purely physical medmm For example, when x rap fall on a strip of paper 
coat»l with a photographic emulsoo, the rays which arc absorbed cause a 
blackcnmg of the paper after it b derelopcd and the greater the amount of 
absorbed x ray energy the greater the hlackenmg of the paper Now if a 
Km pi of X rays falls simultaneously on the shn of the human body and on a 
piece of photographx paper the degree of Uackenmg of the paper after derel 
opmeat ought be taken as a meatur# of the x ray energy absorbed by superfiaal 
tissue during the time of treatment. As a matter of fact, in the pooneer dayi 
of docage, such a method was used to some extent. It has one fatal objection 
— along with others — and that is, that the absorptioa of x rays by the photo- 
graphic emulaoa does not change with changing ware length in the Mnii» way 
as absorptioa of tiasae changes with changmg ^ve length 

It a worth while bnefiy examining one or two other properties of x rays 
which were utihzed m the attempts to estahluh a utufactory m^n» of measur 
mg dosage. In the ftsUlU method, at one time used to a considerable extent 
by radiologists, the dose was measured m terms of the change m color m certain 
salts which results from the absorptian of x rays. A salt of hanum platino- 
cyanidc, for ex a m pl e, m the form of a round pastille some 8 mm, m diaiiieter 
was exposed to the rays, the pastiUc bang placed on a metallic sheet at a distance 
from the target equal to one half the dotance to the patient- When in tha 
pofloon the absorption of a certam quano^ of x nyy changed the color of the 
pastille from the original pale green to a brcrwimh yellow called Tint B 
When rays were allowed to fail on the patwot until this color change resulted 
a unit dose as measured tha way was dehrered to the patient. 

At the best this method could not be more than a rough guide. More 
oYtr neither tha method nor that of the photographic $tnp gires any 
mdicanon of the energy absorbed by taiue at some datance below the sur- 
face of the skin. The pastOle method a also open to the same objectwn as 
was made to the use of the photograplac strip. The absorption by the pastille 
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132. Absolut© Intensity and I.aw of Inverse Square. — From the 
focal on the face of the target of an x njr tube a beam of x rzys spreads 
out much the tame as ordinary bght ray* from a small source of hght. In 
each case energy is radiated from the lource, and m each case the mtensty of 
the beam at any pomt is measured fundamentally by the radiant energy whkh 
each second passes through unit area placed at ngbt angles tp the direction of 
the beam at this point 

In either case, if no energy ft lose hy absorption it u not difficult to see that 
the mtensity falls off with mcreasmg distance accortling to the mrerse squire 
law In 130, all the energy which posses through the area ABCD also 

passes through the area A'ffC'Ify 
since both x rays and bght ray* are 
propagated m straight lines. Now 
if the distance FA' » exactly twoe 
FA then the trts A'B'C'iy a ex 
actly four times the area ABCD 
Therefore the energy recartd per 
second per unit am at any pomt m 
A'B'C'D^ a one quarter of the 
energy recored per »cond per unit 
area at an) point in ABCD In 
other words, if we double the cEi- 
tance, the mtensty fills to one quarter the value, or m general the mtensty 
falls off mrcreely as the square of the distance from a small source, pronded 
there a no absorption 

133 Meaning of Intensity in X Ray Dosage. — When i ray* are 
used for treatment, m general part of the x ray energy a absorbed, part a 
tran smi t te d. Obvwualy the part which a transmitted play* no part m any 
beneficial or harmful effects the beam may have on The radjologat, 

therefore, a mtercsted only m the portion of the beam which a absorbed by the 
tasue He might, for example, have at ha dapoaal two beams, one of strong 
mtenitty (measured fundamentally) and of extreme penetration, the other, of 
weak mtensty and of fcthle penetraoon If each fell on the sfan of a patfent 
the second might hare a greater biological effect than the fim and if so, we 
nught correctly ay that as far as tkm treatment a concerned its taological 
mtensty was greater than that of the first beam. 

In X ray doeage, we are mtercsted m the absorbed energy only and when 
■we use the term mtensty m radiology we really are thinkmg of the absorbed 
exiergy per square centimcttr per second. To distfnguah tha fr o m funds 
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135 Dosage by lomxaUon. -^7 W 

rr 2.“ " ; o"* . g. .. 

■^(T) lengU. U. — of .. b dUy 

erton md nitrogen what we ^ /ys^ 

nught can the effective atomic | VV 

waghtl of air and of maue do not ^ 
iffer to any great eetent. It B _ 
useful to remember that, orer a — 
wide range of wave lengths, the _ 
absotpOon per gram n nearly the 
Kune far air far water, and for 

GBUft. ® _ 

(2\ Clotcly relJted to (2) » the p^j. IJl A rwy wamnrt 

' « « rtf air ittflcattt » enrTtat whea t betra w a■^»7» 

£ict that the absorption of air ibe ilr between ^ aad 

changes with changing wave length 

m the ttme way as the abwrptjoa by tuwe. , l u- Ca^i rt. 

(+) It a highly probable that the primary cauie atber of the benefioai or 
of the mJunoiB effect of x raya on taaue a due to lonixatiom 

(5) The lonoatjon method of meajunng absorbed x ray energy lenda 
' itjelf to the eatabliihroent of a con 

venient, umvcnal unit, which may 
readily be rcalixed« 

It a neceaaary therefore, to atudy 
In di»tan the whole question of K>n 
jzation of air and its use in the meaSw 
urement of x ray dosage. 


■51 


\n 


13^ Satnration Ionization 
Current. ~ Consider the two ax 

_ . , ^ ^ ranjrcmenta Illustrattd in Fig 132 

Fio. 133 A dm^td acetroKow irt»cM » » t f iii 

P a daduizcd wben beam of x^7« ^d m rig IJi in rig liZ 
tlie ur between P and plates, P and Q separated by 

an air gap are joined m senes with 
a battery B and a very senaiiTc galTanoracter In Fig 133 the plate Q a 
grounded and the miulated plate P a joined to the leaf of an electroscope. 
\Vrth the galranometer arrangeroent there a normally no current becauac 
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fntttenal with changing wave length doe* not parallel the cormpondmg change 
m ahsorptian bjr tissue 

A somewhat more taenufle method made use of the property which x njt 
hare of decreasing the electrical rcsstance of the element selennim 
though thu method, a* exemplified m the Funtensu InUnsontUr^ a open to 
similar objection*, it is worth a bnef exammation if only for the sake of further 
Qlu&tratLng some of the difficuloc* mvolved in the measurement of dotage. 
The experimental arrangement consist* csMntially of a telenmm ceS Se, 
Fig 131, placed m an electnc drcuit in senes with a battery and a galranometer 
When no beam of x rays i* mddent on the selennim the postxin of the pomter 
of the galvanometer i* marked aero If now a beam of rays falls on the cell, 
Its reststance alters, the current mcreascs, and the jxilnter takes up a new pos 
non at which It remains, provided the mtenaty of the beam doe* not alter 
If the Intensity of the beam a m creased, a corresponding greater defiection a 
indicated. Hence the galvanometer scale may ^ marked m arbitrary units 

which are proporbonal to the m 

0 - 


1 


r 




tecsty of the x ray beam or, more 
accurately, to the intense absorbed 
\ff selenium 

Suppose It were found that when 
a certain beam, whose mtensoy was 
2 units as measured by the scale of 
tha instrument fell on the skm of a 


30 njnuw a uM 
thema was produced. It would 
then be reasonable to state that, measured hy this method, the particular dose 
required to cause such an erythema, is 2 X 30 or 60 FQrtteoau umti. If 
another tune, a beam of the same quab^ were used, but of mtensr^ 4 mats on 
tins scale, it would be natural to assume that to produce the same bfological 
effect, the ray* would have to fall on the patient for onfy IS minutes, snee 
4 X IS = 60 units as before. But the ajmmption that a weak mtensty 
for a long tune ha* the same effect as for a cor resp ondingly shorter tune a 
not necesttrily true, and is one that has to be justified. 

Again, if the qtnitty of the beam of rays was now changed and its Inteimty 
adjured until 2 unit* were again recorded by tios mteniuneter, it would be 
found that the time required to produce the erythema was no longer 30 
minute*. A separate calibration would then be necessary for each kind of nj 
On the whole ■ — and there are still other objecoon* which need not be 
^thi* method i* not good enough for the opurt measurement of 

dosage. 
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x-rajs 


tteufi- B 

(3) Cb»elr relited to (2) » the 132 . A rxrr tadiin galTtaonu 
fact thtt 4= .b«rp«n of ^ 
changes with changing ware length 

in the »me waf as the absorpoon by taauc. 

( 4 ) It ts highlf probable that the pnmaiy cauac other of the beneficial or 
of the mjuno« effea of x nji on t»ue a due to wmaatjon, 

(5) The K^nrrflttnn mctbod of measiinng absorbed x ray energy lendi 

Itself to the estahlohment of a con 
renient, universal unit» which may 
readily be rcahzed. 

It IS oeceaaary therefore, to study 
m detail the whole quesbon of 100 
xzanon of air and its use m the mea^ 
urement of x ray dotage. 



136. Saturation Ionisation 
Current. — Consider the two ar 
Fio. m. A .tud«l » iUu>tr.ttd In Fig 132 

P n dbehu^ed vbes beam of x.rart looizca and tn Fig 133 In Fig 132 
tt,drl«wc»i’.ndC WO plate, P end 0 icpmucd br 

an air gap are joined in senes with 
a batter) B and a very sensJtnr galranomcter In Fig 133 the plate Q is 
grounded and the msulated plate P a joined to the leaf of an electroscope. 
\VUh the galranomcter arrangement there is normally no current because 
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for moderate voltage* air u a good Imulator With the electroscope amngc- 
ment, if the iruulated plate and the leaf arc given a charge, the leaf rtmam* 
Itaoonary for the same reason * Now suppose a beam of x njv, indicated by 
the dotted line* m thc&e figure*, traverse* part of the region between the 
plate* P and Q The air m its path u then ionized and m the amagement 
of Fig 132, the galvanometer (if sensitiTe enough) indicates a current or m 
Fig 133, the leaf of the electroscope fall*. A steady dedection a recorded 
by the galvanometer, because a* long a* the x ray beam i* m action, there a 
a steady stream of ions, posore to the negative plate negative to the poctive. 
If the insulated system in the electroscope arrangement is positively charged, 
negative ion* will go to P (pondve to the earthed plate |P), and the leaf will 
drop at a rate which depends on the magnitude of the current of xms. 

Should the beam of x ray* be made more intense, a greater number of »n* 
a formed In each unit volume, a bagger ionic current flows, and a greater 




deflection a recorded by the gal 
l[l)| — n vanomcier or with the other 

^ arrangement, the leaf falls at a 
• ' faster rate. Hence, either ar 

— — ■ l| rangeroent provide* u* with a 
convenient mean* of measuring 
M”"""” the (abaorbed) intensity of an 

■■ |j X ray beam, the first by the 
steady deflection of a galranom- 
▼ etrr the second by the rate of 
— Totucnflwni fcJl of the leaf of an clectroacope. 


Fio. IM. TheoKntuJ feitareiof I ■tmndardlocd' “Xo sure that the galvan 

ntbo dumber ometcf dcRectJoa or the rate of 


fall of the leaf b *x€ctly proportional to the abaorbed intensity an important 
condrtjon must be fulfilled, and that a, the lonizabon current must have 
/ Its saturatJOfl value Tfus mean* that the potential difference between the 
plates P and Q must be large enough to remove tii the ions a* fast a* they 
are formed. If the voltage ii too amall, some of the posrtive ion* will unite 
with negative or to use the techmoU term a certain number of postrre and 
negative ion* will rMcombms The voltage, therefore must be suffioendy 
high to prevent r$combtnMtion so that as many ions reach the plates per second 
as are manufactured by the lonmng beam. 


* AetuUy doe to de^ctfve hualatuo and to a wrj dighi amotmt of ionladoo 
pjgjQjt ^ ^ dmes m tlw air the leaf &lla Tery dowlj ao ilcrwlj that ofteo it can be 
oegledxd. In mahinf obKrratuxu It b an euj mttgi- to cmr e ct for thn wttmr/i 
Jffh ai h b called. 
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la xnf of the imngenjeaQ we tJuiII later describe, it o assumed that suf 
fioeat Toltage a to insure saturation 

137 Ionization Chambere. - — In the arrangemeno used pncticaBy to 
measure woization cuirenB, the plates P and Q of Fig’ 132 and Fig 133 
correspond to ’what ts called an toncutxon chsmiir We distingunh two 
mam kmds (1) the tundtrd and (2) the small thimiU chamber The 
esscntul features of a standard chamber are shown in Fig 134 In this 
arrangement ions resulting from the passage of the beam of x ra)^ are dnyen 
from the rolume HKLM to the collecting electrode E because of the electric 
field maintained between the plates A and B by the hattcry B and the total 
charge coming to the electrode in any given time is measured by the instrument 
attached to E Further details about the use of the standard chamber will 
be given presently At this stage it a fufioent to state that it is not suitable for 
use by a practicmg radsologut, but a used hr purposes 

The essential futures of a 
simple arrangement with a thotk 
Ue chamber are iDustrated in Fig 
135 C represents the chamber, 
which eodoses a relume which 
may be of the order of one or 
two cufac centimeters. Its walls 
arc of some light materul — 
cTcn paper will do — whose in 
ner surface is made conducting Fio. 155 AmagezDeQt &r oiiiif a soul] 
by . thm coMmg of graphite ana t»» dainte C .» decoraare. 
s grounded- E the insulated electrode to which lona arc attracted a jomed 
to a measuring instrument, such as an electitiscope or other type of clecWom 
eter by the insulated conductor /C This conductor is shield^ from clectnc 
disturbances by surrounding it with an outer earthed tube or shield S To 
preicnt lomzaOon m the region between JC and the outer tube this spart* m*y 
be filled with an insulating material like rubber or, by means of a vacuum 
pump the pressure m this region may be kept so low that wnizaDon by any 
radutjon penetrating the shield may be negi^cd If desired the tube con 
nectmg the electrode to the electrometer may be flexible and of any con 
vcnient length- 

138. Thu Roentgen. — Before dneuamg further detonr concinung 
^ratxm dumber!, it a desraUe at Om «t.gt to ejpUin the nature of the 
fundomentat uiut m term! of which dosage a now meomred 

Whatever the arrangement med to meoairr an KtuzaDon etttrant. n liouJd 
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for moderate Toltagc* air u a good insulator With the electroscope amngc- 
ment, if the insulated plate and the leaf arc given a charge tK^ leaf remains 
stationary for the same reason * Now suppose a beam of x rays, indicated fay 
the dotted line* in these figures, traverses part of the region between the 
plates P and Q The air in its path is then Ionized and, m the arrangcinent 
of Fig 132, the galvanometer (if sensitive enough) indicates a current or in 
Fig 133, the leaf of the electroscope falls. A steady deflection a recorded 
by the galvanometer, because as long as the x ray bc^ a m action, there a 
a steady stream of ions, positive to the negaove plate negative to the poBtrre 
If the insulated system in the electroscope arrangement a posiuvely charged, 
negative Jons will go to P (posiove to the earthed p1an^ Q), and the leaf will 
drop at a rate which depends on the magnitude of the current of mos. 

Should the beam of x rays be made more intense, a greater number of ions 
a formed m each unit volume, a logger ionic current flows, and a greater 

deflection a recorded the gal 



vanometcr or with the other 
arrangement, the leaf fsHi at a 
biter rate. Hence, either ar 
rangement provides na with a 
convenient means of measuring 
the (absorbed) intensity of an 
X ray beam the first by the 
steady deflection of a galranoin 
eter the second by the rate of 
fall of the leaf of an electroscope. 


Fia 134. TbeevencU] <iatareiafc«eudcnJlco». 'f'o rnp|p» sure that the galvan 
imtioo dmmhcr , . i ® ^ e 

orocter deflection or the rate or 


faE of the leaf is *x*cily proportional to the absorbed intensi^ an unportant 
condition must be fulfilled, and that a, the ionization current must have 
Its saturation value This means that the potential difference between the 
plates P and Q must be Lu^ enough to remove gU the ions as last as they 
arc formed. If the voltage a too small some of the poimve lona will unite 
with negative, or to use the technical term, a certam number of positive and 
negative ions will rgcombm*. The voltage therefore, must be suffiaendy 
high to prevent rgcomhttuttion so that as many lona reach the plates per second 
as are manufactured by the ionizing beam. 


V ActaaSr doe to defective famlihon sod to » ot r/ tUifd amcmit of locuztlioa 
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In 1117 of the irnmgttnents we tball later describe, it a tacumed that fuf 
fioent voltage a used to insure saturation* 

137 lonixation Chambera. — In the ammgtmenti used practically to 
measure tonizitioD currents, the plates P and Q of Fig 132 and Fig 133 
correspond to what a called an tamzaUon fhamhtr We datmgUBb two 
fnam hnds (1) the iUmisrd and (2) the tmall thxmhU chamber The 
features of a standard chamber are shown m Fig 134 In this 
arrangement ions resulting from the passage of the beam of x rays arc driven 
from die volume HKLM to the collecting electrode E because of the electnc 
field maintained between the plates A and E by the battery B and the total 
charge coming to the electrode in any given time is measured by the instrument 
attached to E Further details about the use of the standard chamber will 


be given presently At this stage tt u sufBoent to state that it is not suita b le for 
use by a practiang radiologist, but b used br standankzaooo purposes. 

The essential features of a ^ 

snnple arrangement with a thim *^^*^** 

ble chamber are illustrated m Fig 

135 C represents the chamber s:^ |J23S* 

winch encloses a volume which 

may be of the order of one or i 

two cutoc centimeteTS. Its wills ^ W ' \ 

are of some bght material — ’ . Lm^—— 

even paper will do — -whose m 

ncr surface ts made conducting Fw. IM. Airing t,n teat &r oang a cnall nniza- 
byjthmco.tmgofgTiphu:»nd d=tr«op«. 

a grounded* E the insulated electrode to which ions are attracted a joined 
to a measuring instrument, such as an electroscope or other type of electrom- 
eter by the insulated conductor K Th» conductor a shield^ from electric 


dttturbancci by surrounding it wrth an outer earthed tube or shield S To 
prevent lomration m the region between K and the outer tube tha may 
be filled with an msulatmg nuttml like rubber or by means of a vacuum 
pump the prcBurc m tha region may be kept so low that lomzation by any 
radtaoon penetrating the shield may be neglected. If desired the tube con 
necting the electrode to the electrometer may be flexihlc and of any con 
venient length. 


138. The Roentgen. — Before dacussing further details concerning 
iomiation chambers, tt a desirable at tha stage to explain the nature of the 
fundamental uiut in terms of whxh dosage a now measured 

Whatever the arrangeinent used to measure an lonuabon current it should 
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be cTuient that its magnitude depends on two factors, (1) the lotensi^ of 
the beam, and (2) the Tolume of *ir from which the ions are removed. The 
greater the mtcnsitj, the greater the number of ions manuhumuxd m each 
cubic centimeter and, for a given intensity, the larger the volume from which 
the ions ore collected, the greater the total number talcing part m the current 
to the coUcctmg electrode 

With these facts m mind, the student should be able to understand, at least 
in a general way, why m 1928 the Second Inumational Congrea of Radxdogy 
adopted the foQowmg definition of a physical unit, called the ro^nigfMy in 
terms of which dosage can be measured. 

The rofnigtn u th* qiuTttxtj of whteh, xuhtn th* itconitrf 

$Ucirons tT4 fully uitUztd snd th4 wall »§tci of tks ch*mh*r is xvouUdy 
frodu£$s tn 1 cx of atmosffum mr si 0°C snd 760 mtru frssjvrSf swh s 
dsgrts of conduotwUy that ons tUctrosUUc umi of chsrgs u mssxwtd st 
tsiurshon currtnU 

In 1937, at the Fifth Intematioital Congress, this defimoon was iltertd 
to the form given in section 142 Since for x rays generated by means of 
voltaga as high as about 200,000, the two dehniDons agree m their practtcal 
applxaoon, we shall nuke use of the 1928 definition m oar initial dscunon. 

It win be recalled that the electrostatic unit of charge (exu,), which we 
have previously designated the statcoulomb (section 35), n such a quann^ 
that when it is placed 1 centimeter away m air from an equal quantity, the 
force of repulsun of one on the other is 1 dyne In actual calculations, it a 
more cenvenient to know that the coulomb, the practical umt of quantity, is 
related to the statcoulomb by the equation, 

1 coulomb = 3 X 10* itatcoulombs. 

Suppose, m an arrangement like Fig 134 a current of 10^ ampere is 
recorded by the mcasunng devKe and that the volume MKLM m which the 
ams are produced is 10 c.c. 

Since 10^ ampere = 10^ coulomb per second, 

= 10^ X 3 X 10* stotcouIomEn per second, 

= 3 statcoulombs per second, 

we may wnte The number of statcoulombs produced m 1 0 c.c, m 1 sec. = 3 
Hence, the number produced per c.c m 1 sec, = 03 According to the 
above dcfinitjon the intensity of the beam produemg the ions m the rcgjpn 
HKLM » 0,3r units per second. This asmmes that the air is at 0®C and 
76 rm. pressure. For other temp eratures and presnircs, the correction re- 
ferred to m section 1 41 must be made. 
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It miBt be dearly undentood that the roentgen u a umt of quantity and 
th«t- intcnnty rtfercDce to the absorbed energy in unit tune. If the above 
tv^m continued m operation for 10 minutes, the phyncal dose delirered m 
the region HKLM would be 03 X 1 0 X 60 or 1 80r units. 

To fulfill the conditions expreaed in the above definition of the roentgen 
certain prtcautioni must be taken 

(1) The current must have taturatioo viluej (2) all the secondary dec 
trons must be utilizcdj and (3) the wall effect of the chamber must be 
avoided. Let m examine each of these in turn. 

(1) The meaning of saturation has already been cxplamed and need not 
be further discussed. 

(2) We have also prevwuiiy explained that when a beam traverses a gas 
like air die ionization o due to the action of photoelctrtrK and recoil dcctrons. 
Now these Kberaicd dcctrons may travd ou C ade the track of the primary 
Ki»Tn as shown by the cloud track 
photograph in Fig 120 For long 
wave lengths the “ outsde ” effect 
a slight, but if the wave length of 
the primary beam is made shorter 
and shorter the excursutn of the 
electrons out of the crack becomes 
longer and longer This means 
that ionization often takes place well 
outside the actiud region trarened 
by the primary beam This long 
excunun of the pbotoelectroni u 
nicdy shown m Fig 136 a repro- 
dnetioa of a photograph taken 
with tube voltage 550 Kv by Dr 
Walter Jordan at the California 
Institute of Technology and repro- 
duced through the kindness of Dr Charles C Launtseru The tube voltage 
used when Fig 120 was taken ts not availahlc, but it B very much lei* than 
550 Kv If then all the jons are to be utilized— the secondary electrons 
fiiDy utilized — the separation of the dectrodei must be sufficient to insure 
that none of these dcctrons strike containing walls before they have used up 
then- energy in lonnang “ For a narrow (1 cm ) beam, of 200-Kv x rays 
a spacmg of 10 cm. n sufficient.” (L. S. Taylor ) 

In this connection the student nuy well ask “If ions are formed outside 

2/kLU (r\g 134) a It correct, m mating calculations, to use only the vxJume 
of this region! Actual practice provides the answer to this question, because 
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be erulect tbst its sugnitude dcpeads oa tvro factors, (I) the intcaaty of 
the beam, and (2) the volume of air from which the torn are removed. The 
greater the mtenaty, the greater the number of ion* manufactured m 
cubic centimeter and, for a given uitenstjr, the larger the volume from which 
the ion* are collected, the greater the total number talong part m the current 
to the collecting electrode 

With these fact* m mind, the student ihould be able to understand, at least 
m a general way, why in 1 928 the Second International Congreai of Radiologj 
adopted the foUowmg definition of a physical unit, called the rcsntgm^ in 
terms of which dosage can be measured. 

The rosnigdti u th* qu^ntiij of x~radUium xukuh, xohtn th* t*coni*ri 
tUetrom fully uftlh/J and ih* wadi a§tct of M/ chsmhar u m»*i*dj 
froducas m 1 c.c of atmosfhtne oar at O^C and 760 mm frassvra, ituh a 
dtgraa of conducttvfiy that ona aUetrottatu umi of chtrgs tr massvrtd st 
latuTMtum currant. 

In 1937, at the Fifth International Congress this definition was alteitd 
to the form given in section 142 Smea for z rays generattd by means of 
voltages as high as about 200,000, the two definiti^ agree in th^ practical 
appheafinn, we shall make use of the 192S definition m our initial dts c uaw n . 

It win be recalled that the electrostatic unit of charge (e.a.u.) wbxh we 
have prevoously designated the statcoulomb (section 35) is such a quantity 
that when it is placed I centimeter away in air from an equal quantity the 
force of repulsKin of one on the other is 1 dyne In actual calculations, it 
more cenvement to know that the coulomb, the practical unit of quantity » 
related to the statcoulomb by the expiation 

1 coulomb = 3 X 10* itatcoulombe. 

Suppose, m an arrangement like Fig 134 a current of 10^ ampere k 
recorded by the measunug device and that the volume EKLM m which the 
inni are produced a 10 c.c. 

Since 10^ ampere = 10^ coulomb per second, 

= 10^ X 3 X 10 statcoulomb* per second, 

= 3 ttatcoulombs per second, 

we may write The number of statcoulomb* produced in 1 0 c-c. in I sec. = 3 
Hence, the number produced per cx, m 1 sec, = OJ According to the 
above definition, the mtenaty of the beam producing the uos in the regioa 
SKLMi a 0 3r units per second. Tha assumes that the air a at 0 C and 
76 cm. prcMure. For other temperature* and pressures, the correction re- 
ferred to m section 141 must he made. 
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The Kcond factor relates to the cross-sectional area of the beam of pnmary 
rays. Th» a controlled by the use of dmphragnis which narrow down the 
primary md enable an exact calculation of the cross-sectional area to be 
As standard chambers arc used only m standardwatinn laboratories 
further details arc omitted in tha book. 


140 Null Method of Mcasunng loni^tion Current. — It has been 
stated m the preceding section that a suitable dectnc field a obtimed m a 
standard chandler when both the guard plates (7G Fig 1373 and the electrode 
F are at ground potential. In actual use £ a initially grounded, but tha 
connection to earth must be broken before any measurement can be made of 
the charge earned to £ by the wns, in any time mterral. If tha charge were 
measured by direct connection to an electrometer the potential would steadily 
change as tune went on and m consequence the electric field would also change 
suffioendy to introduce an appreciable error in the calculated volume. To 
overcome such an error in Uboratones such as the Bureau of Standards m 


Wasbmgton and the National Pbyscal Laboratory Tedduigton a null 
method a used. Figure 138 illustrates in sunple form the arrangement used 
m one such method B tt will be seen, a connected both to the measuring 
electrometer and to one sde of a standard condenser C whose capaaty a 
accurately known The other sde 
of the condenser a connected to a 
source of potential whose magnitude 
may be varied, the poUnty bemg to 



chosen that the charge on the side 
of the condenser connected with E 
a opposite m sign to the charge on the 
ions coming up to F \Vhen a meas- 
urement a being made initially the 
key A a dosed thus grounding E 
and the system to which it a attached. 
With the X ray beam m operation 
K a then opened, and a stream of 



Fio. 134, Bt raTTim tba roltage aertw tha 
C the lo^ charge corau^ to E 
nur be a n nul l ed , thai ketpug E at theonai- 
nal ground potential. 


lonj bcgml to flow to E But, a E accumuUtcj a charge the potential 
Oliphcd to the condciucr a Keaddy altered m wch a way that an equal 
charge oi oppoate sgn a induced on the nde of the condenter connected 
with E The rtndunt charge on the lyitcm joined to the electrometer a 
therefore kept at lero and the indicator of the electrometer remaua unchanged 
in position * 


To determme the total charge Q coming to the electrode m an oUened 
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It u the volume UKLM which h always used. In other words, the cuUe 
ctntifiutcr m the 1 928 defimtwn of the roeiiigtn u taken to refer to the regton 
where the electrons ere Uhereted hj the frvnarj beenu In this respect the 
wording of the 1937 is more exact* (Section 142 ) 

(3) If X rays are allowed to strike the walls of the chamber, seconduy 
X rays and eJectroni may be emitted, and these may add to the looizaPon of 
the air between the electrodes. In an actual standanl chamber therefore, the 
primary beam is carefully isolated by protecting duphragms, wrth the Aectroda 
well separated as noted above. As a sdQ further precauoon the walls of the 
chamber are made of materials of low atomic weight so that if any stray rada 
tion did strike them, the emitted duorcsccnt rays woula be so soft (see sectui 
106) that they would be absorbed behire baring produced any appreciable 
wDfzaOon. 



Fto. U7 the a*e of pUtei (7 uid G e osl&ra dffli fc Sdd cu be mifn Wined 
between ud £, u in In « the field U far from aid fim, 

139 Deterralnfldoa of Effective Vo lum e. — Jh amiidcrmg the 
exact value of the volume B.KLM to be used m calculating tbe number of r 
units, two &cton are of unportance. The first has to do with the nature 
of tbe clectnc field between the charged plate A Kg 134 and the collecting 
electrode E Since charged piarticles move along eicctnc lines of force, the 
ions m an arrangement like that shown m Fig 137a, move to E out of the 
region MNCD The volume of this region vanes wrth the relative size of 
the and is not easy to measure. For accurate calculation, the hnes of 

force should run as nearly perpendicular as possihle over the whole face of the 
electrode E somewhat as shown m Fig 1374 This is accomplished by 
surrounding this electrode wrth the grounded guard plates G and G If 
initially E is grounded, as a usually done in standard measurements (see 
i-rtriTon 140) and if the gap between E and the plates GG a narrow then 
the yini are drawn to E from the volume HKLM whose length a equal to 
the distance from the center of the narrow opening on one ode of the electrode 
to the center of the other opening 
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Tho second fiurtor relates to the cross-sccoonal area of the beam of primary 
rays. Tho u controlled by the use of diaphragmi whjch narrow down the 
pnmaiy and enable an exact calculation of the cixos-sectional area to be 
A* standard duunbers are used only in standardizaOon laboratone* 
further arc omitted m tho book. 


140 Null Method of Measunng lonixadon Current. — It has been 
stated m the preceding aection that a iintable elcctrx field o obtained m a 
standard chamber when both the guard plates Fig 137^ and the electrode 
are at ground potential. In actual use E o imtully grounded, but tho 
connectMn to earth must be broken before any measurement can be made of 
the charge earned to £ by the wna, m any tune mterval. If tho charge were 
measured by direct conneetjon to an electrometer the potential would steadfly 
change aa went on and m consequence the electric field would also change 
sufficiently to introduce an apprecuhle error in the calculated rolumc. To 
overcome such an error m laboratonea such as the Bureau of Standards in 


Waahmgtoa, and the Naoooal Physical Laboratory Teddinglon a ouQ 
method b used. Figure 138 illustrates m sonple form the arrangement used 
m one such method E it will be seen, is connected both to the measuring 
electrometer and to one sde of a standard condenser C whose capaa^ b 
accurately known The other skIc 
of the condenser b connected to a 
source of potential whose magnitude 
may be varied, the polarity being so 



chosen that the charge on the side ( 

of the condenser connected with E ^ 1 ~ j ' )" 

B opposte m sgn to the charge on the I | ~ [ ^ K 

ions coming up to F When a meas- ) | " | 

urement a bong made, initially the } 

key K ts dosed thus grounding E a. „ ™ l 

and the sj-sum to which rt ts attached. andenao C tbc looic charie cooua* to E 

Whh the X ray beam m operation 
K a then opened and a stream of 


wns begins to flow to E But, as E accumulates a charge the potentui 
applied to the condenser is steadily altered m such a way that an equal 
charge of opposite agn b induced on the side of the condenser connected 
with E The rciulunt charge on the system joined to the electrometer a 
therefore kept at zero and the indicator of the electrometer remains unchanged 
in position. ® 


To dtttnmnc the total charge Q coming to the electroae m an obierred 
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it u the volume RKLAf which a always used. In other words, the aikc 
C4iiUm€Ur tn th^ 1928 <UfimUon of tfu ro^nigtH u taken to r*jer to the rtgwn 
where the electrons ere Uherated by the frttnarj beem In this respea the 
wording of the 1937 i* more exact. (Section 142 ) 

(3) If X rays are allowed to strike the walls of the chamber, secondary 
X rays and electrons may be emitted, and these may add to the lonrzaoon of 
the air between the electrodes. In an actual standard chamber, therefore, the 
primary beam is carefully Isolated \sy protecting diaphragms, with the electrodes 
well separated as noted above M a still further precaution, the walls of the 
chamber are made of materials of low atomic weight so that if any stray rada 
tion did strike them, the emitted duorescent rays would be so soft (see secooo 
106) that they would be absorbed before having produced any appr ea a bl e 
KuihaitiotL 



139 Determmatloti of Eiffectlve Volume. — In considering the 
exact value of the volume HKLM to be used m calculating the number of r 
units, two factors arc of importance. The first has to do with the nature 
of the cJectnc field between the charged plate //, Fig 134 and the collecting 
electrode E Smec charged particlci move along clectnc Imes of force, the 
Kins m an arrangement like that shown m Fig 137^ move to E out of the 
region MNCD The volume of this region vanei with the relative iiae of 
the and is not easy to measure. For atxurate calculation, the lines of 

force should run as nearly perpendicular as possble over the whole face of the 
electrode E somewhat as shown tn Fig 137i Tha a accomplished by 
furroundmg this dcctrode with the grounded guard plates G and G If 
rmtuHy E is grounded as is usually done m standard measurements (see 
section 140) and if the gap between B and the plig* GG a narrow then 
the ions art drawn to B from the volume HKLM whose length a equal to 
the dstance from the center of the narrow opening on one side of the electrode 
to the center of the other openmg 
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142. 1937 DefimSon of the Roentgen. — At the Fifth Intemiooml 
Congre« of Radiology held at Cincago m 1937 * iomewhat different dcfini- 
tjofl of the roentgen wa* pronsionally adopted m order to make this unit 
arailahle for gatnmj ri)J of radium and for the ultrahigh roltagc x ray* ow 

m u*c (See Chapter XIV ) The new definition reads A follow* 

Th 4 rotnigtn ih*ll b* tht qu^ntsij oj x or gtmmoH-xdiaUon fuch thxt tht 
tsjoasud corfusculxr tmunon fxr 0 j 001293 gram of *tr froduexs tn 
$cns cxnytng 1 tJM oj puntitj oj eUctnatj oj aihxr stgiu 

In many reflect* the two definition* arc identical and no change need be 
in the work of the preceding page*. Note, howerer the following 

(1) 0 001293 gnm* a the njais of 1 cx. of air at O^C and 760 mm. 
prexure. 

(2) Saturatkon candmoas are not mentioned because the definition refer* 
to the number of »oni frodtu*2 per cubic centimeter by the radiation and 
naturally include* all of them In malong measurement*, howerer it a just 
as necesory a* erer to use suffioeot voltage to msure that the ion* do not 
recombue. 

(3) The ion* to be considered are those produced by the corpuscular exn)>’ 
ticn per 0 001293 grams, that is, by the xcondaiy electrons (photoelectnc and 
recad) set m motion by the primary beam This corre^nds to the rUit^ la 
the 1928 definttian requiring the urihaation of all the secondary electrons, but 
tftafixs without xnj mmixguitf that the Tolumc to be used in calculating the 
number of r unit* a the ToIumc of the region m which the primary b<»aTTi pro- 
duces Its “ atsocuted corpuscular emasion (Sec section 138(2) ) 

(4) The 1937 definition qieofically rule* out any possible wnuation by 
sf*tUr*d X rays, a matter left uncertain m the 1928 definition. For x ray* 
generated by voltage* up to about 150 000 volts, any wnmng effect due to 
scattered raduUon a negligible, and agam for such rays one definition a as good 
as the other For ultrahigh voltage x ra>a or for gamma raj-s of radium 
scattered radunon can be of very great importance although the magmtude 
of” the resulting ionization a difficult to measure Because the 1937 defimtion 
cxpliady rules out any consideration of scattered radiation it a ipphcahle to 
the measurement of roentgens for die whole range of rays. “ Such measure- 
ments, for bard radiation*, and for radiation* m twue a one of the problem* 
occupying radiologic phj-Bost* at the present time It a bang neccsemary to 
develop special types of wnmation chamber* to be sure that all the ion* correctly 
included arc measured, and that no extraneous one* arc mtroduccd. 
(Qunnby ) 
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tune tj all that la necemry ts to calculate the magnitude of the charge gireo 
to the condenser A numerical example will illustrate the method. 

The mU7uiiy of a beam of x~rtji st s certtxn fUce xusi measured by e 
stendard wnszetwn chamber arranged so that the efeetsve volume tn whuh 
tons vjere frodueed was 2^1 c c When the coUecUng electrode was aUeehed 
to a condanser of capacity 127 X 10~* fmcrofarad, ti was found that the 
electrometer remasHed undefiected tf at the end of 1 msnute the potential 
applied to the condenser tLOS changed hy 9J2 volts Cal c ul a te the ortensstj 
tn r umis per minute (The volume refers to air at 0®C and 760 mm. 
pressure ) 

Q = compensating quanQ^ on condenser 
= capaatj X potential 
= 127 X 10- X 10“^ X 92 coulombs* 

= 127 X 10"*' X 9.2 X 3 X 10* itatcoulomhi 
= 3.505 statcoulombs. 

Therefore, the number of statcoulombs collected In 1 minute, if the volume 
were 1 c.c. 


_3J05_ 

” 2J1 ” 

or, the mtenaty of the beam 

= 1 4r unit! per minute. 

141 Correction for Temperature and Pressure. — When measure- 
ments are made with a standard chamber the air is not in general ertber at 
0®C or 760 mm pretsurc. A correction must therefore be made for these 
factors. Smee the absorption of x rays n directly proportional to mass, all 
that a necessary if to reduce the observed volimte at t^C, and P sum, pressure 
to Its value under standard conditmns. By application of the elementary gas 
laws, we can write at once 


F cx. at /®C. and P mm pr cjaure 
273 P 

273^^7^^^ at 0®C, and 760 mm. 


In any problems given m thn text, we shall aisume that this volume correctioa 
been made. 

* 1 mtrm fajaii = I0~* farad. An altcmata of f tb* nomber of 

cocloinbi a to w tlw re l at ioi a 300 Tolts » 1 MatroU, end I microfarad = 900 000 

(latfaradt. 
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162. 1937 DefinlSon of the Roentgen. — At the Fifth Intematioiul 
Congrea of Ridjology held it Chicago in 1937 i somewhat different defitu- 
ooa of the roentgen wai proviiiontlly adopted m order to make this unit 
ayaUble for gamma ray* of radium and for the ultrahigh volugc x raya now 

m me (See Chapter XIV ) The new definition reads h followi 

Ths rctnigtn shall ha tha ^uantxtj of x or gamma-redtatson such that tha 
assoexaui corfusnilaT amusion far 0 jOO 1293 groffi of etr frodsicas tn 
tons c ar r y m g 1 of quantity of dactruaty of ttiher agn. 

In many respects the two definitions arc identical, and no change need be 
made In the work of the preceding pages. Note, however the following 

( 1) 0 001293 grams a the mass of 1 c.c of air at 0®C and 760 mm 
pressure. 

(2) Saturation conditions are not mentioned because the definition refers 
to the number of ions froduad per cubic centimeter by the radiation and 
naturally includes all of them. In mabng measurements, however it is just 
as necessary as ever to use luffiaent voltage to msurt that the ions do not 
recombuM 

(3) The ions to be considered are those produced by the corpuscular esu»> 
luo per 0 001293 grams, that is, by the secondary electrons (photoelectnc and 
recoil) set m motian by the primary beam. Tha corresponds to the clause m 
the 1928 definition requiring the utilaatioo of all the secondary electrons, hut 
sfaet^ Without any amhtguxty that the volume to be used m calculating the 
number of r units a the volume of the region in which the primary besun pro- 
duces Its aaoaared corpuscular emtsBon (See section 138(2) ) 

(4) The 1937 definition specifically rules out any possible lomzanon by 
scatUrtd X rays, a matter left uncertain m the 1928 defimOon For x rays 
generated by voltages up to about 150 000 volts, any somzing effect due to 
scattered radiatioa a nc^giWe, and again for such rays one definition a as good 
as the other For ultrahigh voltage x rays or for gamma rays of radium 
scattered radiation can be of very great importance, although the magnitude 
of the resulting Kumation a difficult to measure. Because the 1937 definition 
exphady rules out any conSMlcratian of scattered radunon it a applkahle to 
the measurement of roentgens for the whole range of rays. Such mcasure- 
menta, for hard radiations, and for radiations m tasue, h one of the problems 
occupymg radiologic physasts at the present time It » being nccesemaiy to 
develop special types of wnizatMn chambers to be sure that all the ions correcdv 
included are measured, and that no extraneous ones are introduced.” 
(Quunby ) 
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time t, all that n necciury u to calculate the magnitude of the charge glroi 
to the condenser A numerical example will illustrate the method. 

Th* vU^TUtiy of a htam of x rsyt st a ctriam fUit war m*Mur*d hy $ 
iUndxrd tomzxUon chttnbcr xrrtngxd so that th* *§tctxo* volum* m which 
ions wtr* frodiued was 2S1 c^ Whan th* eolUcUitg eUctroi* was attachai 
to a condaiucr of c*p*cUy 127 X 10~* mtcrofarad, st was found that ih* 
eUctromeUr r*ntxm*d und*fiect*d tf at ih* end of 1 mmui* th* fotenbal 
affUtd to th* condenser was changed by 9J2 volts Ca l c uUt * th* mtenssty 
m r unsts f*r mmui* (The Tolume refcn to air at 0°C. and 760 mm. 
preaaure.) 

Q = compensating quanti^ on condenser 
= capaat) X potential 
= 127 X 10-* X I0-* X 92 coulomb** 

= 127 X 10-'* X 92 X 3 X 10* statcoulomb* 

= 3 505 itatcoulomba. 

Therefore the number of statcoulombe collected in 1 minute, if the rt^ume 
were 1 c.c. 

3*505 , , 

= 25r='^ 

or the mteawty of the beam 

= I 4r onita per mmute. 

141 Correction for Temperature and Pressure. — ■ When meaiart- 
ments are made with a standard chamber, the air is not in general other at 
0®C or 760 mm pretsurc, A correction must therefore be made for these 
factors. Since the absorption of z rajs is directly proportional to mast, all 
that a necessary n to reduce the obtenred Tolume at t^C. and P mm. pressure 
to Its ralue under standard conditions. By applicatioa of the elementaxy gas 
laws, we am wnte at once 

F cx. at r*C and P mm. pr eaau re 
273 P 

+ at cre, tad 760 mm. 

In any problems giren m this text^ we iball assume that this Tolume correction 
has been made. 

* 1 microfuad = 10~* fmd. An allonaU method of ctlcoliilnf the Domber of 
conlomba b to w th« nUtiaoj 300 volts =3 1 itatTolt, and 1 mkrofand 3= 90O 000 

Mmtfsradt. 
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142. 1937 DcfiniSon of the Roentgen. — At the Fifth IntenuDonil 
Congrca of Radiology held at Chicago m 1937 a lomewhat different defim- 
twi of the roentgea was provaonalJy adopted in order to make th» unit 
available for gamma rayi of radium and for the ullraJugh voltage x ray» 

m me (See Chapter XIV ) The new definition reads is follow* 

TAa rofnigtn shsll ha tha qtunMj of Jr or gamnuM-aiuUiOH iuch that ths 
astocuiad corfwctdar emuiton far 0 001293 gram of atr frvducas, *n «r 
tow carrying 1 a j u of quantity of alactnaty of atthar sign. 

In many respect* the two definition* are identical, and no change need be 
mgfl). in the work of the preceding pages. Note, however the following 

(1) 0 001293 gram* ts the of 1 c.c of air at 0°C and 760 mm. 
prasure. 

(2) Saturation condition* are not mentioned because the definition refer* 
to the number of wn* froducad per cubic centuneter by the radiation and 
naturally includes all of them In making measurements, however it i* just 
as nccesiaiy a* ever to use tuf&oent voltage to insurt that the ions do not 
recombine 

(3) The ton* to be considered are those produced by the corpuscular uzus* 
son per 0 001293 grams, that b, by the secondary electrons (photoelectncand 
recoil) set in motion by the prunary beam. This corresponds to the clause m 
the 1928 definmon requiring the uoltxatKin of all the secondary electrons, but 
sfaafat tvfihout any amiiguUy that the volume to be used m calculatmg the 
number of r umts o the volume of the region m which the pnmaiy pro- 
duces Its ^assoaated corpuscular emoston (See section 138(2) ) 

(+) The 1937 dcfimtion specifically rule* out any potsiblo wmiatxin by 
scaturad x rays, a matter left uncertain m the 1928 defimtuo. For z rays 
generated by voltages up to about 150 000 volts, any lonning effect due to 
sca tte red radiation b neghgMc and agam for such rays one definmon n as good 
as the other For ultrahigh voltage i ray* or for gamma rays of radium, 
scattered raduOon can be of very great nnportance, although the magnitude 
of the resulting lonizanon a difficult to measure. Because the 1937 definitwn 
eijdiady rule* out any consideration of scattered radutwn it a applicable to 
the measurement of roentgen* for the whole range of rayi. “ Such measure 
ments, for hard radiations, and for radiadoas m tasue, » one of the problem* 
occupying radiologic phyaicat* at the present time It a being nccesessary to 
develop ipcoal type* of loniiation chamber* to be sure that aH the ions correctly 
included arc measured, and that no extraneous one* are mtrodoced. 
(Qmmby ) 



166 


DOSAGE FOR ROENTGEN RAYS 


143 T hI t nb Zc Chajnbcrs. — ^ Because ot iti fundamental inipnrt^nr^.j 
detailed attention has been given to the explanation of the means of measunug 
m r units per second the intenBt 7 of a beam of x rays by the standard chamber 
In actual practice, the radiologist or hii technician makes use of the thimble 
type of chamber rather than a standard because by such m a veiy short 

tune he can evaluate the dose wi r units or the mtensty m r units per second. 
It should never be forgotten, however, that previously someone had to cab« 
brate ha thunble chamber with the aid of a standard. 

We must now amphfy the information about small lomxation chamben 
given in section 137 To begin with it a well to note that, except m rare 
cases, the lomzation produced per cutac centuneter m a small chamber a not 
the same as that produced per cubic centimeter by the same beam at the same 
place, m free air There are several reasons for tha. (1) Because of absorp- 
tion of the pnmary beam by the walls of the chamber the lonmadon o reduced. 
This effect can be lessened by usmg tbamber walls of extreme thmnefB, 
but (2) whatever the thickness, photoelectrons emitted by the wall mi- 
tenal increase the wnixation (J) Tlic corpuscular electrons produced 
within a email volume smke the walli before they have exhausted their aUbty 
to lonixe. 

The above factors, however, do not constitute objections to the use of 
thimble chambers, because as already noted, they are calibrated by means of 
a standard chamber What is of great importance, is the requirement that 
the jonizition as measured by the small chamber should be dirccriy proportional 
to that measured by the standard, ooar a wid* rtstf of vJmv* Ungths 
When this condition a fulfilled, the chamber is said to be of the “ nr wall ” 
type as djsongmshed from the free-air standard chamber Practical^ tha 
result can be obtamed by making the walls of the chamber of matenal or mate- 
nals of low atomic weight, so that the mean atomic number a about the same 
as air For example, to quote I/. S. Taylor “ it a thus possible to make a 
chamber havmg a graphite shell with aluminum collector which will give read 
mgs nearly proporuonal to the open air chamber over a wide wave length 
range of the harder radiations. Agam we quote from the 1937 Recommen- 

dations of the Bntah ^Ray.and Radium Units Committee “ rt a an 
eipenmental buX that the lodixatian m chambcrTsmtably coi&ltructed and lined 
with certain mixtures, though not neceasarity equal to the lonixation produced 
by the same of radiation m air ts proporbonal to it over a wide range 
of wave lengths.” 

In the next K^tv^n details arc given concerning the use of a thimble chamber 
m common use which a appr oi i m a trl y " air walL 
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144 Vlctorecn Condenser Meter — In tha type of immuncnt the 
snuil wnaation chamber G Fig 139 « flfuattd at one end of the ebatnber 
tube T who$c other end roiy be inserted into a bayonet socket on the outside 
of the box 5 IVhen the tube T a dnren horac clectncal connection a 
between the electrode £ m the ionization chamber and a ttnng elec 
trometer housed m the box £ This boxalio contami ( 1) a dew for giving 
a charge to the electrometer and the attached electrode and (2) a battery 
to operate a unnll lamp which illuminates the scale of the filament of the elec 
trometer Neither of these a shown in the dugraro By means of the micro- 
scope M an obeerrer can read the position of the image of the string of the 
electrometer on a scale marked in r units. 

In unng this instrument^ the electrometer and the insulated ij’stem con 
necting it to the electrode E are charged until the image of the straig comes 
to the xero mark on the scale TTic tube T is detached from the electrometer 


box and a cap protecting the chamber 
C n renxived, and placed on the other 
end of the tube. The tube is then 
placed with the chamber end m the 
path of the x ray beam at the place 
where its intensty ti to be measured^ 
and left there, normally for one mm 
ute. Because of the xmization m the 
chamber a ^art of the charge on the 
electrode E and the connecting con 
doctor 9 destroyed. At the end of 
the minute the tube n mnserted in 
the socket, the cap being replaced over 



the c h a m ber and connectian » again made with the electrometer Because of 


the kaa of charge by the electrode system the potential of the electrometer 
alters when tha connection a made, and the string or its nnage moves from 
the ongmal zero readmg to another part of the scale. Because of prenoui 
calibration the numbers on the scale read roentgens directly Thus, if 15 
were now read on the scale the intcnsj^' of the beam at the spot where the 
chamber had been placed, would be 15r units per minute. 

By ueng different types of tubes and chambers condenser meters of various 
ranges arc avaiUblc For example the Victoreen Instrument Company 
advertize meters readmg up to 25r lOOf end 2S0r units per minute, as well 
as a very sensitive one for measuring stray radnbon reading only to 0 25r 

p^nanuK. Tho firm •t.tt.th.t with. iwgi. dumber mawremrot a pru- 

siblc for any wave length radatjon from that produced by a standard x ray 
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tube at 60 Kt P up to and mcludmg gamma ray* of radium, with a wan 
length error not excttdmg 6 per cent at both extremea, A calibration carre 
can bo tupplicd giving the neceuary correction, if any, within 2 per cent” 

Other chambers involving more or lea the same fundamental pnnaple*, 
are available, which record the total dose in r units during the progress of a 
treatment. In the Victorcen Integron, for example, the progress of a dose 
up to 300r umts may be watched by means of a pointer moving over an ordi- 
nary scale. In the Hammer Dosmeter the electrical arrangement is such 
that every time a collecting electrode has actjinrcd a charge equivalent to a 
dose of 5r units, a clock mechantsm moves the hand of a dul one diTSon, 
while at the same tune the electrode n discharged and made ready to collect 
another charge, 

145 Air Doftc, Tissue Dose, and Back Scatter — In the precedmg 
sections we have shown how the mtensty of a may be measured at a 
Epea£ed place m air by an kmraation chamber In therapy, the radiologist 
ta mterested primarily m the dose detiveixd to txuut and that quesMon we mutt 
DOW examine. Since it is reasonable to assume that the action of x-rays m 
therapy is due to the retultmg lomzatsoo m nssue, and mice to a first approm- 
miDon tomzation m tissue is the same as m an equal mna of air, tzsue dosage 
ts measured in termi of the lonnsatton caused m a small canty of air stoated, 
if possible, m the midst of the region under treatment In ruperfiaal treat 
ment, a small ionization chamber can be placed on the sbn of the patient, and 
the ibn dose measured directly In deep therapy, it » as a rule imposcMg 
to imbed the chamber m the tosue and the depth dose has to be found by experi- 
ments with a fhantom that is, a medium which n the equivalent of tissuo m 
Its absorption and scattenng 

The magnitude of the ikm dose ts not the tame as that measured at the 
tame qiot with the patient removed At this stage the student will not be 
surprised at that statement, but rt t* so important that a reference to a simple 
experiment u not Tnk<_ Suppose that at a certain place m air an operator 
has found that the mtensty of an x ray beam is 2r unit* per mmute, and that 
he repeats hts measurement with ho ionization chamber resung on the sbn 
of a pabent, but without any other change. He find* that the second meaiure- 
ment mdicate* a greater mtennty than 2r per mmute. The reason for the 
increase his already been given in Chapter XT The pnmary beam gives 
nse to scattered rays m the tosue of the patient, and many of these — the 

scstur are scat te red hack into the ionization chamber thus increaamg the 

lomzabon The correct *km dose must mclude hack scatter 

\Ijmj measurements of ikm dose have been made by the method given in 
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the preceding paragraph that n, with the wnizitxm chamber on the *kiii of 
the patient, but the rcjida baTc shown that different typ^ of chamben do 
not always agree Recently a >eiy careful study of back scatter has been 
made by the radiological department of the A/emorul Hospital, New York 
under the direction of Mn- Edith Qmmb) A chamber specially designed by 
Dr FaDla, head of that department, has been used and tables hare been drawn 
up giving the correct tktn dose corresponding to any air dose Provided with 
table* the practising radiologtsc need measure only the muosny of ha 
beam m free air A few actual numcncal values, taken from the puhhihed 
work of Mrs, Quimby are given m Table XXV where the number* girc 
the «kTn dose equiTileiit to the dehvery of lOOr umts m free atr 

Tamlx XXV — aKjM ooiz cot^zarofouio to 1 C 30 zotjrrcajrj a ara 


QaaC^ 

H.\ JL IB Capper 

Area of Feld m Co. 

5 25 100 400 

0 035 Qun. 

0 3 

1 0 

2 0 

no 117 134 m 

114 134 IM 147 

114 (24 136 149 

109 117 136 136 


The numbers in the table show that the skin dose equivalent to lOOr tt ptrs 
m air vane* with (1) the quality of the pnmary beam and (2) the area of 
the field. For oample if we use always the same area, say 25 *q rn-.., the 
skm dote a 117 units for the softest rays, 124 lor the next two more pene- 
tratmg rays, but falls again to 117 for the most penetrating Tha 

variation a due to dunge in scattering with changing quajity 

On the other hand, if we use always ray* of the same quality those with 
an H VX equal to 1 0 mm. of copper for example we sec that the cqiava 
lent skm dose steadily increase* with increasing area, changing from 1 1 4 unit* 
for the emalleit area to 149 for the largest. The mcreaie with mcreasmg 
field IS due to the increased importance of scattered radjadon. The larger 
the area, the greater the rolume hwm which ray* arc scattered back to the 
chamber or to the area of skm under treatment. In Fig 127 if the dia 
phragm hmiting the wxlth of the beam to CD is widened increasing itj width 
to MN scattered ray> come to a small chamber placed over CD from a much 
greater mlumc than with the smaller opening and hence a greater lomaation 
is recorded. 

For thE«amcraioa,if a tbm portion ol the body luch u t hnnd utroLud 
.uptrficu])/ the had. Katter a la. for the ttme field, than for an area bached 
by a thtclter portton of the bodj I„ TaUe XXV the number, are baned 
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tube at 60 Kv P up to and including gamma ray* of radfum, with a ware 
length error not exceeding 6 per cent at both extreme*. A calibration curre 
can be »upplied giving the ncccsBary correction, if any, withm 2 per cent” 

Other chamber* miolving more or lea the same fundament pnne^o, 
ore available, which record the totsl dose m r uxut* dunng the progrea* of a 
treatment In the Victorcen Integron, for example the pro gr e ts of a dose 
up to 300r unit* may be watched by mean* of a pointer moving over an ordi- 
nary scale In the Hammer Dosunettr, the electrical arrangement a mch 
that every time a collectmg electrode ha* act^uired a charge equivalent to i 
do*e of 5r unit*, a clock mechaniam move* the hand of a dud one division 
while at the same tune the electrode a discharged and made ready to collect 
another charge. 

145 Air Dose, TUsue Doae, atwi Back Scatter — In the preceding 
•ection* we have shown how the intensity of a beam may be measured at a 
specified place ot air by an wnizaoon chamber In therapy, the radjologst 
n mtereited primarily m the dose deUvertd to tusvf and that quesdon we mo*t 
now examine Since it is reasonable to asrume that the acoon of z ray* m 
therapy a due to the resulting lonnation m tueue and since to a fint ippnxo* 
mation loruzadon m tnue a the same a* m on equal mass of air, taiue dosage 
a measured m term* of the umzatian caused m a tmall canty of nr stuated, 
if possible, m the midst of the regxm under treatment. In superficial treat 
ment, a small lomzation chamber can be plax^ on the akm of the patient, and 
the «km dose measured directly In deep therapy it a a* a rule unpostfilc 
to nnbcd the chamber m the tnsue and the depth dose has to he found by experi- 
ment* with a fhtntom, that b, a medium which u the equivalent of tmuc in 
Its absorption and tcattermg 

The magnitude of the tkm dose d not the same u that measured at the 
tame spot with the patient removed. At tb* stage the student will not be 
mrpns^ at that itatement, but it a *o important tl^t a reference to a sunple 
experiment a not Suppose that at a certain place m au- an operator 

ha* found that the mtensty of an x ray beam a 2r unit* per minute and that 
he repeats ha meafurement with ha ionization chamber resting on the ikm 
of a paoent, but without any other change. He finds that the second mcaiure- 
ment mdicatei a greater mtenaty than 2r per mmute. The reaion for the 
increase has already been given m Chapter XL The primary beam gives 
rue to Fettered ray* m the tissue of the patient, and many of these — the 

'are scattered back mto the ionization chamber thus mcreasmg the 

ionizaOOD The correct ikm dose must mclude back acatter 

xneasurements of ikm dose have been made by the method given in 
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29 unit*. In *11 ca*e*, a *omewii»t: greater depth do*e i* dehTcred at the 
lame depth m the cate of the longer target distance. Since the greater the 
percentage of the surface dose delivered at the diseased tissue, the less the 
aiaorpbon bj the mterremng tissue it a ofariousljr an advantage to have as 
high a percentage depth dose as possible Now calculations based on the 
uiYtrsc square law as well as the numbers m the above table show that the 
greater the target-sfan datance, the higher the percentage of the depth dose 
at anj given datance below the surface. It », therefore a datmet advantage 
to use large target-itm distance*. On the other hand the greater this dis- 
tance, the smaller a the intensity of the x ray beam and hence the longer the 
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nme It takes to bmld cp the required number of roentgens h, the longer 
the tunc of treatment m deep therapy In choosmg the Tn r> st favorable target 
datance, a compromise must be made between the gam ansmg from the 
increase m percentage depth dose, and the loss due to mcrcased rm if of treat 
ment. In this ccnnectjon we agam quote Mm Quimby From a practical 
point of new tha increase m tune a an important economic factor From 
a btelogical tepcct it mtroduces complications because of differences m 
rccuperanoa. And, again, " rt a not advantageous to use distances greater 
than ten or twelve times the known depth ** 

A second »nd more important method of reduemg the abeorption by the 
skin and mterremng tmue in deep therapy connto m vsng crou ftr* trs^ctmtni. 
The pnnaplc of tha method a ample and will be clear after a glance at 
Fig HO where P reprctena a diseased region withm the body treated through 
three #ortr o\ tntrj nA B and C If the desired dose a delrvercd m three 
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on the sssuinpbOQ thst there ts enough underlying truf^p al to gire maTTmnm 
back scatter 

146 Depth Dosage. — In therapy, the problem o generally that of 
treating diseased tmuc below the skin There are then two important prob- 
lems (1) how to effect a cure without mjunng the t^in md the badthy 
intervening tissue j and (2) how to measure correctly the d*fth dose dehrered 
to the diseased tissue We shall consider the second problem first. 

As already briefly mentioned, depth do&e a measured mdirectly by usmg 
fhtniomi^ that is, materials equivalent to tusue m their absorption and scatter 
mg of X rays. Water nee, a mixture of nee and flour, ground meat, Colum 
bu wax^ and pre^rd wood are aS aousplea ot {aiT]y good pbantoat. In 
takmg the readings given m Table XXV, the ipccal lonixacon chamber used 
by Mrs. Qmmby was hacked by a mixture of nee and flour Similariy m 
ovaluatmg the depth doses given m Table XXVT, results also due to Mrs. 
Quimby the chamber was embedded m a phantom of tha land. In tha 
connecDon we quote Mrs. Quimby, “ It a important that measurements used 
fiir deteniunmg ossue doses shall have been made m phantoms comparable 
m sze with the part of the body undergoong treatment The use of data 
obtained with large phantoms to speo/y doaes m smaller portxias of the body, 
such as the Lmhs or neck, may introduce errors because of the difference m 
the actual amounts of scattering materials in the two cases. 


Taaix XXVI — muiES or aoumiuia Daixrxao at tahoub Danmi, rot 100 
Eourram uf Aim. qoAurr or eats otvek bt LO um. vt ooma 



Jiq 

cm. 

25 .q 

cm. 

100 sq 

cm. 

400 aq 

an. 

Depth 

50 cm. 

TOcm. 1 

50 dZL 

70 cm. 

50 cm. 

70 cm. 

50 ‘~pi- 

70 an. 

0 

114 

114 

124 

124 

136 

136 

149 

149 

1 

95 

96 

115 

116 

133 

134 

150 

152 

5 

43 

46 

61 

65 

82 

87 

lOS 

114 

10 , 

17 

19 

26 

29 

41 

45 

61 

67 

15 1 

6 

7 

! “ 

13 

22 

25 

33 

38 


The measurementB recorded m the above table were taken usmg 200 Kr^ 
constant potential rays, with a H V L equal to 1 mm. copper after bemg 
filtered wrth 0 5 nun, of copper The 50 cm and 70 cm at the top of 
alternate c*^ bimn« give the distance from the target to the skin (or surface 
of phantom) It will bo noticed that at the same distance below the surface 
the values of the depth doses are different for different target datancea. At 
10 depths, for example, with the 25 sq cm. field, the do«es are 26 and 
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Tilt* XX V I I — ATtAo* TALUW DT WHIfTOElfl OH THi OF TH* THlWtfOLD 

DOJX rO» QDAUm* OI X-3i*Tl 




0 17 ufitrom 

on 

0 27 
0 42 


%S 

KO 

6*0 

•425 


Abtorpnoq by the FIm MilQ- 
IDCtCr of TlW» 


18 

17 

16 

16 


The re»iilt» of the kit column were calculated using abiorption coefficient* 
for Water and ihow to quote Dr Hudioo that the iiScrcnce in 

do*e nec«BU 7 for an erythema at the vanou* wave lengths la due chiefly to 
the difference m abaorpnon hy the tiasuc and that the total energy absorbed 
m the wperfleud Ujertoitkm a practically comtan tv 


148. Specification of Treatment Conditlona. — Much more might 
be uid about the important questioa of dottge but it a hoped that enough 
has been gnren to make clear the important underlying physcal pnnoplea and 
to enable the radiologist to build on the foundations which have been laid m 
tha chapter To sum up we conclude with an ewact from the recommen 
datums of the IntemaOQnal Committee for Radiological Units at the 1937 
meeting 

The jpedficabans of treatment conditions shall include the following 
L ffuMjftx/f -—The quantrty of radiatton (expressed m roentgens) eto 
mated to have been rcceired by the lesion 
IL ffua^ty — (a) The spectral energy distribudon of x ndiaoon shall be 
designated by lome suitable index, called quahty For most medical 
purposes it a sufficient to express the quahty of the x radiation by the 
half value layer in a suitable maienal Up to 20 Kv (peak) cellophane 
or celkuic; 2i)-120 Kv (peak) aluminum 120—400 Kr (peak) 
cooler} 400 K.v (peak) up nn. For a more definite ^eaficatjon 
of the quality of the raduoon the complete absorption curve m the same 
matenal ts preferaWe (3) Material and tbekne* of filter mcludmg 
tube walls. («:) Target matenal 

in Tuhmc — (.) Total quantity of raduOon per field (madeot and 
emergent) received In an entire cmirte of treatroent. (_i) Quanntr of 
ndiaoon per field meaaurcd at the lurface (fJ ) at each mdindual ttra 
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part*, one through each port, the ahsorpton by healthj^ tosne a reduced ihoct 
one third. 

147 Threshold Erythema Dose. — In deadmg to what extent it a 
safe to irradiate the skm, a knowledge of the bwlogical action of the skm to 
X rayi a neccsaiy In this connection much use u made of the thrtihold 
crjthtme ioie (T E.D ), or the quantity of x radiation which produces a 
mild ihn erythema,* Tha biological unit has played an important part in 
the development of x ray dosimetry, because, whatever the physical method 
laed to measure a quanoty of x radtaoon, it has always been necesaiy to 
know somethmg of a corresponding biological action Thus, m the pastille 
method of dosage, Tint B corre^ionded to a unit dose m the method 
of estimatmg quantity by the blackening of a stnp of photographic paper IOj? 
arbitrary units corresponded to this unit and so on for the other early methods. 
Now that dosimetry has advanced to the stage where the roentgen a the 
universal unit, ali that u necessary b a knowledge of the TJ) D m roentgens. 
Since a much greater fraction of the radiation dehvered at the skm a absorbed 
hy the layer of tmue Just below the surface when the x ray beam u soft than 
when It n hard, the vdue of the T.£ D depends on the wave length As its 
value also depends on the area radiated (that is, on the amount of buk scatter) 
and to some extent on the mdividual patient it cannot be given with the accu 
ra^ of a physical constant. Some idea of its magnitude, however, is given 
hy the following Using 200 Kv rays, at constant potential, with H VX. 
equal to 1 mm. of copper with a field of 100 tq cm , and with radiation 
given at a fairly high intensity m one setting, Mix Qinmby gives the value 
of the TX D as 500r units m air or 680r units on the skm Dr J C. 
Hudson, of the Colhs P Huntmgton Memorial Hospital, Boston after an 
examination of a number of rtdioli^ centers m the New England States, 
r e p o rts the numbers given In Table XXVII as the value of the TXT) for 
four different quahties of rays, and with an area of 100 sq cm 

« Mn. Onhnbj five> the foUovfnf cicfiiihiQa. ^Wc fWw ocr tbrtlhold>c^3tbciBa 
does u amonnt of ruhadoa whkh, dtliveml at a tlsgla ettiaf will prodoci la >0 
par rrr*t of all cassa a faint but definite readioc, and la the other 30 per cent so viiibU 
We laed to mj within two or threa weeks, btrt we find that tha proper that 
interval depends on the qaalit7 of the radiation. Three or four weeks b right for 
300 kv > for lower voltages a shorter thus b s nfficfnjt, hot for gsmrea rmyt it ma^ 
jlx weefci. The readioo may never be red, bnt appear aa a tsnribf The tenn 
_ i / Wi T T* rmctic* b not a good oos) I prefer to call it thi^old reaction, witboot iDdod- 
^ f^TTTi crythona. If yon ioebt that redoese shall appear first, the qoatioa hocaojo 
complicated." 
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149 The DUoo^rery of Radioactivity — The nudJlc of the Ust 
of the moeteenth cencuiy one of the moit frurtfxjl periods m ph^ 
icil wxBCe whKh h*i crer costed. Wthm two or three years, the electron 
X rays, and radioactiytty were all dacoTcred These were by no means mde- 
pendent dacoTcnes bcausc in aacnee, as in life, one thing often leads to 
another A good example of tha is found m the discovery of radioacove 
The walls of gas x rar tubes strongly fluoresce and in the early 
days it wss not unnatural to astocute the origin of these mviiihle rays with 
the fluorescence- With this idea in mind Becqucrtl a French saentist, tried 
to tee if certain compounds of the element urajuum would enut x rays after 
bctfig made to fluoresce by exposure to light. He was rewarded by finding 
an latuSde radiattaa but was soon able to show that it had nothing to do with 
X rays. The uramum compound in its normal state, that is, without any 
stmaulus by hghr or by anychuig ebe was found to emit something which jiaaaed 
through a sheet of black paper and afiected a photographic jiate behind iiic 
paper Th» cnuaBon moreorcr was perfectly sponuncous. Ncithef heat 
nor cold could start or stop it. It was a natural property of the compound 
This onginal chscoTery was followed by rapid deydopinents and it was not 
long before it was found that residuea of pitchblende, one of the ores in which 
uranium a found, were much more radioactive than pure uranium compounds 
ditimclves. ^oon aherwards Madame Cum, the Polish wife of a French 
phyiost, with the assutance of her husband, aolated pdcHutm and raJatvij 
two substances posscKing radioactive powers in a remarkably high degree 
Radium was shown to be an element of atomic weight 226 with 
properties sumUr to the staUe element banum 

It is, however with the nature of the raduoons emitted by a radioactive 
snbeance that we arc spccuDy concerned not with ns chemical proputies. 
The radia&ons, whatever they arc, have three outstanding properties. They 
ionme the atr or any gas, through which they paaj they affect a photographic 
plate lacB hgfat or x rays or posdVe rays, and they cause fluorescence when 
they strike cmam substances. The foaraation effect will detect such a small 
^xaatity of radioictiTe subttance that it has been of great importance thrmigh 
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dutJon. (c) The dosage rate cxpreced m r/mm dunog each mdi- 
Tidual uradution^ The total tune over wbch a course of treat 

ments s spread. («) The tune mterral between successtre doses. 
(/) The targct-skin dtstancc. (j) The number, dintentmns, and loca- 
tion of the port* of entry ** 



CHAPTER Xril 

RADIOACTIVITY 

149 The Discovery of Radioactivity — The middle of the !«£ 
decide of the amctcenth ceotmy w*j one of the meet fruitful period* in phy*- 
icil ioence which b*i ever ejosted. Within two or three ycin, the electron 
X ray*, and ndwictiyity were *11 dHcoTered Thoe were by no mean* inde- 
pendent dacoTcne* bec*u*e in wence a* in bfe, one thing often lead* to 
another A good example of tha b found m the dacovery of radioaccve 
wbttance*. The wall* of gi* x ray tube* strongly fluoresce and m the early 
day* rt wa* not unaatufal to aisoaate the ongm of these mnsihlc ray* with 
the fluoreeceace With tha idea in mmd, Btctpierel a French loentat, tned 
to tee if oertiio compound* of the element uranium would emit x ray* after 
bang to fluoresce by exposure to light He was rewarded by findmg 
an inrwble raduoon but wu toon aUe to ihow that rt had nothmg to do with 
X ray*. The uranrum compound m it* normal state that », without any 
stunolu* by light or by anything else wa* found to emit something which pajsed 
through a »hcet of black paper and afliected a photographic plate behind the 
paper Tha emaiiod moreover wa* perfectly spontaneou*. Nather heat 
nor cold could start or stc^ it. It wa* a natural property of the compound 
Tha anginal discoTery wa* followed by rapid dcTclopmenta and it wa* not 
long before it wa* found that residue* of ptchhlende one of the ores in which 
vsTiTiyasa 'A itWiSvA, sSiViZ^ vsnyit. TidxAsXi’iz ‘ihari 'oram'om ctnnpcroni* 

themselre*. Soon afterwards Madame Cune, the Polish wife of a French 
phynast, with the assistance of her buiband, nolated fclonatm and r^dtunu, 
two tubstance* posseg m g radioacuve power* m a remarkably high degree. 
Rad ium wa* »hown to be an element of atomic weight 226 with chemical 
properuc* cunilar to the stable element banum 

It a, however with the nature of the radiations emitted by a radioactive 
substance that we are speoaDy concerned not with it* chcnScal propcrtie*. 
The radiation*, whatever they are have three outstanding propertie*. They 
lonEw the air or any g**, through which they pas* they affect a photographic 
plate Kke light or x ray* or posmve ray* and they cause fluorescence when 
they strike certain iubstance*. The ionization effect will detect such a 
quantity of radioacOTc suhttance that it ha* been of great importance through 
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out the whole development of the subject; the pHotographk effect led to 
Bccquercl’i dacovery; and the abnn/ of the ray* to ocote fiuoreactnet a 
probably famfliar t» mo5t people because of the rad4um-ci»ted watch hands 
which may be seen in the dark. 


150 The Nature of the Radiabona. — In setkmg to find cut the 
nature of the radutioii* emitted by x wbsunce Iflto radium, it wu natural that 
early iavettgator* should examine what happens when the ray* tramw a 

magnetic field. The defiecoon of cathode ray* by a roagneoc field bad •hown 

that they were negatively charged particles. What did such a test show when 
radwacdve radiationa were ex a mt oed? In pnnapic 


CL f the expenment t* extremely iwnple. A narrow beam 

0 \ ^ of ray* emerging through the top of a co at aim og 

\ box fl Fig 14 1 , passes through fl magnetic field be 

\ ^ tween N and S By such a mean* the anginal beam 

I / j* separated into three component* (I) a porfioa un- 

— ■ deflected by even the strongeit magnetic field; (2) 

jf S I a second part readily deflected m the directwa which 

indicate* that it must consat of neganvelf charg^ 

And (3) t third pajt, conwong of posuhtly 

J.O. Ul A dcflecKd . light MDoust m the^ 

field icpwxtcs the «*- poste dircctioo by yifSoently Strong fieios. toe 

cUed nyx, th. «g«rr. 
tmo of the 5 bc*im a and the undefiected beam, which is of a ttofl 

Wtn. Once we know that we are dealing wnh a fliga 


of particle^ certain quesoon* at once suggest them- 
aelvea. What a the masa of each of these parodcs? What ebargo do they 
carry? How fast do they awre? How penetrating are theyi A» always, 
expenroent provide* the answer to these questiana. In the fbSowiog sectwra, 
imfwrtant details are gimi concenung each bnd of radiatjon. 


151 Alpha Rays. — (1) A* already noted, alpha ray* are 

charged particle*, Expenmenc •how* that the magnitude of the charge cameo 

by partjcle is equal to two electronic unit*, that a, it » exactly twKM the 


charge on a prototu 

(2) Meawremenu of tfie .mount of the deflection produced hj roegneOC 
tnd electric ficldj (lee seettou 35) combmed with » knowledge of the meg- 
nitudeof the clmrge, ihow that mch elplut purocle ha. » num A«ut four BJnM 
that of a hgdrogen atom. Combimng (1) mid (2) we lee that tha parade 
a esjennaH, an atom of atomic weight 4 and atomfc nuinher 2 . 
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(3) Alphi njt ctme interne lomxttion a they treTcne e gee. Tins o 
bduafully shown by cloud track photographs (see section 117) such as arc 
reproduced in Fig H2 and Fig 1+3 In Fig 1+2 each white hnc represents 
the path of a single alpha particle. In its flight it causes such intense lomlanoo 
that the little droplets formed on ions are so close together that they giTe me 
to an unbroken continuous streak of light. 



cm? V laaMr «aa M aw« SMOu 

Fra. IQ. (rack « thetwer oi 

pAT^cks qected fraoi t email source. 

The photogntph of Fig 143 ehowt the track* of but two alpha particle*. 
In the left band track of this figure tc will be noted that the path turn* through 
a MnsU angle to the ngh^ and then ju*t before the end of the track, in»ki>< a 
second and much iharper cum to the left. These pidden turning* are evidence 
of the near approach of the alpha particle to the nucleu* of an atom Ordi- 
narily tha heavy particle plough* along without bong deflected out of rt* path 
even when pa*smg right through an atom. Orfanonally however the parti- 
de m Its pajcage through the atom paaKS to near the nudeus that n* directioa 
3 altered a* ihown m the photograph- The rtudy of »uch deflectioni, thar u 
of scsdtrmf when a^iha rays strike a thin sheet of gold led to cstimaces of 
the soe of the nodeut, and to the picture of the atom we have given m 
section 36 

On rare occason* an a^iha partide strflK* a nucleus “ head-on,” and in such 
cases thmg* happen as we shall see later (See section 161 ) 

(4) When they strike certain suhstanaa, alpha rays cause marked fluore*- 
cence, a property whxh a made use of m the spinthanscope one of the early 
radioacnve toyv In tha arrangement, a speck of radaurtive material » placed 
near a screen co a t ed with *uic sulphide and, with eye* rested, the screen n 
viewed through a magnifying glass m a darkened room. little flashes of 
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Hght are seen to dince about in irregular bshioD, somewhat os if m a patch 
of the sky the stars kept disappearing m one place and reappearing m another 
Each semdUabon corresponds to the impact of 
an alpha particle on the screem We hare 
called this a toy but, as a matter of &ct it was 
the basis of more than one inresugation m which 
the number of alpha parudes learmg a source 
in a given tune was counted, and it was used 
with success in determining bow for both alpha 
parades ond protons travel before they are no 
longer able to xxnize. 

(5) Alpha ray* have a speed which vanes with 
the radioactive source from which they are 
emitted, but for the most part is between one 
fifteenth and one tenth of the velocity of hght 
In Fig 142 It will be noted that the trodo come 
to an abrupt endL This is due to the fact that 
once the vebaty falls below a certain value, an 
alpha particle is no longer able to fcmrie. The 
flgiitjT range m oir over which they con loiuae a 
only a few centimeters, never more than 8 6 cm. 

(6) It follows from tha that alpha nya ire 
reoily absorbed by tobds. They are completely 
cut off by a sheet or two of ordinary paper or 
by a thickness of about 0 006 cm of al umin u m 
and they cannot get through 0 1 mm. of ep»thch*l 
tnsue. It will be evident, therefore, that if a 
radtooctrve substance is endosed in a gloss tube 
(unless extremely thin), alpha rays will not get 
through the gloso. 

To examine the alph* ray emitunn from a 
substance, on dectroscope of the type shown in 
Fig 144 IS used. The insulated rod of on elec 
troscope extends, through msulating matemU, mto 
the lower chamber where it u attached to * 
Fio. 143 Qood tnck photo- dnc D The radioactrre materaJ, plscrd on 
pathi oS two earthed platform, gives off rodationi which 

lonoe the «ir m its viamty When the electro* 
scope a charged, the leaf &lls at a rate which is pr c yordoaol to the imf|int 
of Kunzaboii, and hence to the quonti^ of radiooctire material. 
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152, Beta Rays, — (1) Beta rayi are nothing but high speed electrona 
shot out of radioictiTe lubstancci with veloatiei 
which coTcr a wide range but may exceed nine 
of the Tcloaty of bght. To acquire a 
speed equal to the fastest beta ray — over ninety 
nine per cent of the Tcloaty of bght — a cathode 
ray would have to fall through a potential di^er 
cnee oTcr three milbon volts, 

(2) Beta rays ionize a gas, although not to 
intensely as alpha rays. The diB'erence wiQ be 
evident by a companson of Fig 145 with other 
Fig 142 or Fig 143 In Fig 145 the straight 
Lno of tmy dots marks the path of a beta ray 



Fio. 14 i. An tlphs 1117 de cir o Ku pe, 


moving so qmckly that it is not deflected out of 
Its path On the same photograph the curved 
irregular path near the middle ti due to a slow 
electron which s easily turned aade by collisioni. 
The student should alao examine Fig 168 where 
the photograph shows very beautifully the curved 
path of an ionizing parade like a beta ray or an 
electron when it a constandy deflected by the 
presence of a magnetic field. 

(3) Beta rayi, being of smaD mass and of high 
qieed, are much more penetrating than alpha 
rays. The fastest will paa through several miTTi - 



Ficu 145 Qoed-trade pboto- 
mph f a f«t beta rar TTm 
UT^ularfy oirred lioc 0 / don 
ames from a ilowlr morii* 
deetrm. 


meter, o( • low demitj meal or of omie, mnd tarene u much a an feet of cr 
before they ere Bopped. They however completely Bopped by lew tlan 
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light are teen to duce about in uregulir fashion, somewhat as if in a 
of the sky the stars kept disappearing in one place and reappearing in another 
Each scintillation corresponds to the impact of 
an alpha particle on the screen We hare 
called this a toy but, as a matter of fact it vru 
the basis of more than one inresQgatxw m which 
the number of alpha pamdes leavmg a source 
m a given ome was counted, and it was used 
with succen m dcteniuning how far both alpha 
parodes and protons travel before they arc no 
longer able to ionize. 

(5) Alpha rays have a speed which vanes with 
the radioactive source from which they are 
emitted but for the most part a between one 
fifteenth and one tenth of the veloaty of fight 
In Fig 142 It will be noted that the tracks come 
to an abrupt end. Tha a due to the foct that 
once the veloaty falls below a certain value, an 
alpha particle a no longer able to lomxe. The 
actual range m air over which they can lomie a 
only a few caituneten, aercr more than 8 6 an. 

(6) It follows from tha that alpha rays am 
readily absorbed by sohdi. They are completely 
cut oflF by a sheet or two of ordinary paper, or 
by a thickness of about 0 006 cm of alummmn, 
and they cannot get through 0 1 mm. of epithcEal 
tasuc. It will be evident, therefore, t^ if * 
radioactive substance a endosed m a glass tube 
(unless cactremdy thm) alpha rays will not get 
through the glassu 

To examine the alpha ray rmTsa^n from a 
substance, an dectroscope of the type shown hi 
Fig 144 a used The rod of an elec 

troscope extends, through insulatmg mattnal, into 
the lower chamber where it a attached to a 
Fio. 143 Qood tnck pboto- dac D The radioactiTe material, placed on 
jMthi oS two aJpIi* jjjg earthed platform, gircs off radiations which 
lomic the air in Its viemity When the electro- 
scope a charged, the leaf folia at a rate which is proporOonal to the amflint 
of ionization and hence to the quanOly of radioactrrc roatenaL 
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ample, if we wuh to know tie reduction m mtenfity of gamma ray* from 
radium cauaed by alaycr of 2 cm. of brasi^ wc wnte down at once 

Fraction absorbed = 0 020 X 20 
= 0 40 

That » 40% i*ah»ri)cd or 60% tranimitted. 

(3) Gamma ray* loame a gai through which they paa. Thu mnuatxm 
u largely due to an enustioo of t^condtrj ixid r 0 js which re*ult* whenever 
g ymma raya traTcnc nutter Secondary beu ray* may bare >clocme* high 
enough to enable them to travcrae scieral mctm m air or a few millimeter* 
in tmue before being stopped. Thu means that, when a radium salt a endewed 
m a tube like platmum of sufficient thickness to absorb completely tic original 
beta ray*, that a, the fnm*rj betas, the gamma rays will cause an emiSBon of 
Secondary beta* from the platinum In radium therapy it i* therefore neces- 
sary to surround the metal with a secondary filter of such a material that it 
absorbs the objectionahle secondary betas, and does not emit intense secondary 
beta ray* ttaelf For tha purpose a nutenal like rubber has been used to a 
conaderable cctenc, although recently Quunby and co-worker* have shown 
that ** the secondary raduoon n consderably les* for substance* of mtermedute 
atooue number than for those toward either end of the atomic scale. Stain 
leas steel or nickely for example, are tometimt* more sunabGe than rubber or 
celluloid. 

(4) When gamma rays traverse matter a certain amount of scattering 
take* place, the amoimt depending on the quality of the primary beam and on 
the scattering matcnaL The rcductiDn of intensity when a primary 
traverse* a la) er of matter such a* the wall* of a metal tube containing radium 
u due m part to scattering in part to true absorption corresponding to the 
emission of secondary beta rays. TTie absorption coefficients grvea m Table 
XXVIII take into consideratian both of these factor*. 

If a beam of gamma rays u used for the treatment of deep-seated tissue 
the scattered rays from luiToundmg t»ue add to the dose dehvexed to the 
region under treatment, or m tha case the effect of those scattered rays u to 
reduce the apparent absorption of the primary beam 

IM Radium In Treatment. — In thenpy ndnim o used m three 
mpoitsnt wap. (1) A inull amount of a radium salt a enclosed m a twr 
tube or needle made of mch metaU as steel, monel, platmum pUnnuin.indnm, 
and gold. Although radium can be obtained m the metallic Bate normaHv it 
IS used as a salt m the chlonde bromide, or sulphate state. Thu needle, or a 
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0 5 mm, of gold or of platinum, or 1^ about 0 4 mm of ttcel or monel metil.* 
It will be Kcn then, that, by plaong a radmacQve substance m a smtaUe con 
tamer it ts not a difficult matter to remove both beta and rays. 

153, Gamma Rays. — (1) Gamma rayi are electromagnetic wares of 
the same nature as x rays, but for the most part of shorter ware length. The 
actual values of emitted waie lengths depend on the radxoctive source, and 
for a given source more than one wave length is emitted From radium C, 
for example (see sectioa 160), there are waves as long as 0 2 angstrom, a 
value in the therapy x ray range, and as short as 0 0056 angstrom 

(2) Some gamma rays are so penetratmg that a thickness as great as 10 cm. 
of lead will not completely absorb them A thicknea of platinum or of gold 
equal to 0 5 mm , which we have seen completely absorbs beta rays, absorbs 
only about 7 per cent of the gamma rays emitted from a salt of radium endoied 
Toils XXVIll — Asioimo* coarncium roi oaio«<> iots now ummi 


Sobatance 

CodSdent 

Ahiminnm 

0 007 

T 

0 OSS 

Plarimrm 

0 139 

Gold 

0 140 

Mood 

0 021 

BraM 

0 020 

Mtsde 

0 0024 

Epthelial Uaaoe 

0 0024 

Bone 

0 0055 

Water 

0 0026 

Paraffin wax 

0 0022 


m a tube Muscular tmue, 2 cm m thickness, reduces the mtensi^ only 5 per 
cent, and even after travemng 20 cm the rays emerge with over 60 per cent 
thar original mtennty 

As with X rays, the actual ahsorptian coefficient vane* with the wave length 
but an average value cnshles the radxdogist to estimate with su^csent accuracy 
for most purposes the absorpnoo caused by various materials. In tlus connec 
non the numbers given m Table XXV ill f arc usefuL 

In using the coeffiaenci given in this table, nather logarithm nor ciponentiali 
are necesuuy because the fraction shsorhsd can at once be written down as 
equal to the coeffiaent X the tiuckness of material at TTuUtmsUrj For ex 
* For examinsdon of tin penctndoD of beta raja, ote la of abmpdoa 

coeffiocDia, and tbo reladoo / = as Jo i rayi. See lecrioai tC, 

f Talao fran Radinm Doaa^ B nll a rin No. 17 of the NatJonal Reaearct Coondl of 
r.n.rf., Bj G C Laortoca. 
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Sondird aid it ibould be accompanied by a certfioite winch readj He the 
following one 

This C 4 rnfi*s that the alotse Jesenhed needle hsj been tempered wth the 
sies^Aerii o/ the NaUonel Reieerch Lahoretenes, and jound to etnU gamme 
re£aaon equrvaUni to x TmUtgrams of radium sn equsiilrtum vjoh rts disotie 
greiion ^<^u£ts end conteaned m e ThunHgmn gUss tube 0^7 mnu thtcL. 

Note companion between the ^amcn and the National Standard a 
made by usng gamma rays only Xhia is readfly done by using an clectro- 
acope with a lead wall of sufficient tfucknesa to absorb completely all beta rays 
falling on iL The speotnen to be measured and the itandard arc placed 
auccaBreYy at the aame distance from the electroscope and m each case the 
rate of discharge measured. The two quantities of radnun, as measured 1^ 
gamma ray etmsoon are then tn direct proportion to the rates of discharge^ 
corrected m the usual way for natural leak. 

The meamng of the phrase * in eqinHbnuni with lo dismtegraticm products 
IS explained in section 159 


IS^ Dofln m RoeotgeoA. — > In gamma ray therapy do$cs are now 
eapreSKd in roentgens. Measurements by a number of different eaqxiv 
mentert, imng air wall chambers, indicate that for present medical purposes 
the quantity of gamma radiation received in one hour at a datance of 1 cm. 
from a point source contiinmg I minigram of radium clement surrounded by 
0 5 mm platmum may be regarded as approximately equivalent to 8 roent- 
gens. (Proposals of Bnosh X Ray and Radium Units Comnntite 

1937 ) If no correctioQ is nude for wrafl tiuckness, the number of 9 may 
be used to estimate the approximate dose Stated otherwise the above means 
that an estimate of the dose m r units, uncmrected for absorpnnn or for finite 
ttse oi needle or of number of needles ui an applicator ma y be madf with fan* 
accuracy by the following relation 


(distance in centimeters)* 


For oamplc, for » 10 mg netile lued tor 2 lioar., the doic u 5 cm from 
, 9X10X1 

the lourc IS or 7 2 roentgem. If the neetfle 8 surromided by 


OJmm of goH, by tamg the coeflwient 0 U for gold grtenm Table XXVni 

we see that thn Jose when correcteil for ahtorptjon by the gold. 8 fl — 0 5 
X 0 U) or 93 per cent of 7 2 If the 5 cm. dntance 8 afl Otaue. nrf kt 
there 8 a hmher reducton of (1 - 0 002+ X 50) or 88 per cent. 
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pack consuting of a group of levcral needles, u then used as a source of radi- 
aoon Usually the filtration is su£oent to restrict the rays to gamnu only, 
but with thin walls tome primary betas can emerge. As already noted tec 
ondary betas emergmg from the metal contamer can be removed hj addmonil 
filtration 

The amount of radium used in a tmgle needle u of the order of a few milh' 
grams. An applicator may be placed m contact with the msue, or, if su£- 
acntly powerful at a few centimeters from it. 

(2) In raJumt btem thrr*^ the source a a hemh containing sereral grams 
of this radioactive element In tha case the patient, or more accurately the 
tissue under treatment, a subjected to an mtense beam of gamma rays. 

(3) Needles or ittds of radon or radtum msnauonf a radioactiTc gas manu- 
factured by radium are frequently used instead of the original radium salt 
Small glass tubes containing the radon may be embedded or tmfUnud m the 
grtiifll tissue under treatment, or they may be placed within metal contimcn 
like the needles mentioned above. The difference between the use of radon 
and radium salt ts ei^lained below 

155 Strength of a Rfidium Source.— 'When ndnun needles are used, 
the dose dehvered to the region treated depends on tereral factors (1) the 
time of application j (2) the distance of the source from the da ea s ed twuej 
(3) the amount of absorption by the materials endosng the radium salt and 
by tnauo and (4) the total quannty of radium scaled m the tube, that u, on 
what we may call the strength of the source 

The strength of the source n expressed m miHigrams of radium, and it a 
measured by direct companson with a standard. In 1912 a tube containing 
16 74 milLgrams of radium in the form of radnun chlonde, prqiared by 
Madame Cunc, was adopted as an intemabonal standard by a Committee 
of the Congress of Radiology and Electnaty Tha a kept m the Interna 
bonal Bureau of Waghts and Measures aU Sivre, near Pans. Nadonal sec- 
ondary* standards have been made by companson with the mtemsaonal 
standard, and are m the posKsson of such mscttubons as the Natunal Physical 
Laboratory m England the Bureau of Standards in Washington, and the 
Naoonal Research Laboratoncs m Canada. VPhen a radadognt buys a 
radium needle its strength has been found by companion with a National 

* lo ulcHtiaci to the tmpartuit 17 S. itaodari, a teria of nbatudairii brntm beta 
nceatly prtpaxtd tmder tha direetkn of the Committee oo Staodarda of RadfoicfiTky 
of die National Research CoancH f tha United Statea, Thesa ttaadaxdi hare bees or 
will be deponted t the Bnreaa of Standards m Wuhington and are to ba taad u work 
mg standards for inveidgatars who may dealw them- 
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Samdird lAd tt should be tccompinjcd by » certificate which reads like the 
following one 

Thts c*rtifi*s thst ths abvot dtscrth^d nc^dls has b4tn comfartd unih th* 
standards of tha NatxanMl Rtiwch Laboratorus and found to anut gamma 
radUtxon ryutuaUni to x mUSgrams of radium vs tqtalihrsum vMh its dumia- 
gratton froducts and containtd tn a Thunngtan glass tuba 0J2,7 mnu thsck. 

Note that comparison between the spcomen and the Natioaal Standard » 
made by lumg gamma rayi only This b readily done by uamg an electro- 
scope with a lead wall of sufficient thicknca to absorb completely all beta rayi 
falhng on it. The ^amcn to be measured and the standard arc placed 
succcaiYe^ at the tame distance from the electroscope and m each case the 
rate of discharge measured The two quanone* of radjum as measured by 
grpma ray emwon are then m direct proportuin to the rates of discharge 
corrected in the usual way for natural leak. 

The meaning of the phrase “ m equflibnum with its damttgratxn products ” 
a explained m sccuon 1 S9 


156 Dose In Roentgens. — In gamma ray therapy dose* are now 
e:^retsed m roentgens. Measurements by a number of diffierent expe:rv 
menters, usng air wall chambers, rndnate that ** for present medical purposes 
the quantity of gamma raduoon received m one hour at a distance of I cm 
from a point source concauung 1 milligram of radium clement surrounded by 
0 5 mm. platmum may be regarded as approxunately equivalent to 8 roent- 
genv (Proposals of British X Ray and Radium Umts Committee, 

1937 ) If no correction is made for wall thickness, the number of 9 may 
be used to estimate the ippramiutc dose Stated otherwise, the above means 
that an asttmata of the dose m r umts, uncorrected for absorption or for finrte 
Bie of needle or of number of needles m an applicator may be with fur 
accuracy by the foIlDwing relation 

roentgens. 


ulhgrams of radmm X time m bo ori 
(distance m centinietcrs)* 


For aamjJe for > 10 mg needle incd for 2 honm. the dose .t 5 cm. from 
9X10X2 

the lonrce a ^ or ^ 2 roentgeiu. If the needlt a turrmmded bf 


0-5 mm. of gold, bj utmg the coeffioent 0 U for gold giren tn T.ble XXVIII 
we Kc tlut tlm doK when corrected for .beorpoon hr the gold, is f 1 — 0 5 
X 0 U) or 93 per cent of 7 2. If the 5 cm. disance a sU ^ 

there a a further reduction of (1 — 0 002+ X SO) or 88 per cent. 
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For more acairate work, ryxially where a ntimbcr of needle* are combned 
in different arrangement* to make appbeaton of different *hapc*^ there are 
available dotage table* which a radiologist can consult 

Before leaving this question of dosagC) we agam quote from the Kecooi' 
mendaOons of the 1937 Internationa] Congress of Raihology “ThetpeoS* 
cation of the condition* of gamma nj treatment* should, where possible, 
include ttatement* of — 

I QusnUij — The total quantity of radiation (expressed in roentgen*) 
estimated to have been received by the lesiom 
II ParUetdars of R^dhtm Sourct — (j) The total amount and nature of 
radioactive substance employed (expressed as equivalent mgnu of radium 
element) (A) Type, number, and datribution of the containers, 
(e) The material and thickness of fflters and the nature of the matenal 
externally adjacent to the skin 

m Ttchmc — (a) In the case of mrface appbeator*, or large radium 
units,* the quantity of raduoon per field at the surface, (i) The dosage 
rate during each individual uradlatKtn (e) The total time over whxh 
a counc of treatments t* spread. The tune mtervali between suc> 
cesave uradiatun*. (a) In the case of surfact appbeators or large radmm 
units, the radium-ikm distance. (/) The number, dimenaons, and stu- 
attons of the ports of entry * 

157 Radon. — Suppose a radium salt is heated and the occluded gases 
collected and sealed in a tubet or alternately that a solution of radium chlonde 
in dilute hydrochloric aod, which has stood for some tone a boded and 
that the gasc* driven off are collected It is found, by testing with an electro- 
scope, that the tube containing the gases is strongly radioactiTe If measure- 
ments of the lonixatian arc made erery hour by a gamma ray electroscope, it 
a noticed that at first the acUvity of the tube mcrcaies until, after some five 
hours, It reached a manmuni. Theieaftcr if the tube a examined every 
24 hour* for a succeasjon of daya, it » found that its radioattivity steadily 
become* les* and less. The number* given in Table XXIX show the rate 
at which the tube loses its radioactmty 

It should be clear from this table that, although the gases collected 
from a radium salt or a radium solution, exhiht marked radioactiTity they 
differ m one important respect from the original radium preparation. When 
a needle contammg a radium salt ts tested day after day no change* is detected, 
but, with the tube containing the gases, the numbers in Table XXIX show that 

fis tdtatj tt ths*nd of * month hMS slmott 

• More aearately at tb* end of 1 jw a lo*» of 4 parti In 10,000 ema be det ec t ed. 
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In addition to the mdioactm coMtitucnt m the tube the gise* collected 
mnnin hydrogen oxygen, hehum, and carbon dioxide. When the*o are 
remoTed by appropnatc mean*, what a left u a radioactiTe gai, called radtum 
tmtnf trm or rtdoru From a gram of radium, only about three fifth* of a 
cubic mflhmeter at atmospheric preaiurc can be obtained Radon ha* been 
»hown to be an element of atomic weight 222, belonging to the family of the 
rare gases. Chemically there is nothmg remarkable about jt, but m rail 
ology It 11 of tremendous importance With a suitable cmanatxjn plant, it 
I* possible to keep a supply of radium and without touchmg the onginal source 
to seal the radon mto glass tubes and use them instead of radium needles. 
Figures 146 and 147 are pbotographa of an emanation plant designed by 
G FaiDa of the Memorial Hospital New York, and installed by J E Rose 
m the United States Marme Hospital Baltimore. 


Taiu — DICAT or Acmrrr or aAsnrM XMAJuna* 


Time 

Acunty 

Login thra 

Change La 

of Acunty 

Log p« Day 

0 

100 

2 000 

078 

1 day 

U 5 

1 922 

2 

69 7 

1 843 

078 

07* 

079 

07* 

07* 

079 

079 

077 

3 

51 2 

1 765 

4 

48 6 

1 617 

5 

40 6 

1 608 

6 

M 9 

1 530 

7 

21 3 

1 452 

1 

23 6 

1 373 

9 

19 7 

1 295 

10 

16 5 

1 218 

20 

2 7 



30 

0 45 

1 



To use a radon tube mtelhgently it ts neceaiary to be farruTrr with the law 
goTcrmng its loss of activity diat 9, of what u called its isc4tj If we plot 
the results of Table XXIX activity against time, we obtain the curve 1 shown 
in F)g 148 Ex a min a ti o n of this curve shows it to be exponential, that a, 
of exaedy the same ihapc as that given m curve I Fig 94 That figure, it 
win be recalled fflustrates the reduction m mtenuty of a homogeneous beam 
of X rays as a remit of absorption. As already mdicated m lecoon 86 we 
can describe m three ways an exponential law In term* of curve 1 m 
Fig 148 showing the decay of radon we may state {\) Etch d^y th 4 

dterttstthy 166 c*nto\ iht tetnuj 0 ^ thffrtctdmtdMj Thus, if we 

decrease 83 5 by 16 5 per cent, we obtain 69 7 Or if we decrease 69 7 
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by 16 5 per cent, we obtain 58^ (2) In 3 83 day* the activity has decreased 

one half . Tha time i* the half~f*nod of radon (3) The curve b ex- 
ponential, and therefore, h deacrib^ by the law I = Ie^~^ where /, a the 
initial activity « u the time and X b a coeffiaent. From this law it foDowi, 


aa already shown in section 86 that the 
logarithm of the activity decreases by the 
same amount each day (or any tunc mter 
val) Tha a shown by the numbers in 
the last column of Table XXIX 

If we use loganthmi, the exponential 
law may be written 


For radon tha gives us 




if the fima it expressed in days. 

It a left as a problem for the student to 
prove that T the half-penod, that a, the 
time m which the activity falb by one half 
(from /, to i /*, for example) b connected 
with X by the relatxm 




ForX= 0 18, tha gives 3 83 days for T 

158. Growth of Radon, — Suppose 
from a sup^j of radium chlonde kqit m 
solution, all the radon a collected at vanoui 


CViHiii g — — '3^11. 

Fk 147 Control pud fcr nxkn 
apparatus tbown In Fij, 146. The 
control room tod tbe radoe appara- 
ta an aeparated hf a two-fijot 
concrete vail. 


tunc intervals. It a found that, when the solution has been left untouched for 
a month or two the radioactivity of the colle cte d radon at the end of cwl^ m 
Interval a just as great as when the solution a left untouched for six months, 
or a year or two yean, or any long period. On the other hand, if the radon 
i» collected after mtervals of 1 day 2 days, 3 days, and so on the activity a 
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found to be greater the longer the mterra}, until a maTirnnm jj rcxcbcd after 
about one nwnth The numben m Table XXX and currc 2 in Fig 148, 
ihow the exact rate at which the activi^ mcrcaici, m«nmiim ictmty bong 
aaogncd the value 100 

The figures of Table XXX are readily interpreted m tenna of two proccaica. 
( 1 ) The manufacture or growth of radim « constsnt rtU, and (2) lO deay 
m accordance with the law already ex 
plained namely that each day the loa 
of activity of radon a 16J per cent of 
Its activity the preceding day If we 
start with a quantity of radium nit 
tnHy free firom radon, each day a certiui 
amount of radon a manufactured, and 
at fint the total amount steadily in 
creases. But, as the total quantity 
mcreases, the amount decaying also m 
creases, until ultimately a bslance b 
reached when the loss m a day due to 
decay b exactly equal to the amount 
add^ 

A financial iliustraDon may not be 
amrtv Suppose a m«n depoerta m a 
hank $ 1 6 50 eveiy day and, m a ddrtxin , 
each day (after the first) before he 
makes hu deposit withdraws 16^ per 
cent of the amount to hti credit Hu account will increase m exactly the same 

Tamu XXX — oeowrB or aAimrM tuAJLinoir nou mapnoc 


Tbae Isteml 

PcTtCQtxje of ^r«»tiniim VlloC 

1 dsy 

16 5 

2 

30 3 

3 

41 8 

4 

51 4 

5 

59 4 

10 

85 5 

20 

97 3 

30 

99 5 


way as the figures of Table XXX but it will never exceed $100 00 When 
^Kat amotmt b reached, he takes out 16 5 per cent or $16 50, and puts in 
exactly the same sum. Fquilihnum has been obtained. 






DISINTEGRATION AND NATURE’S TRANSMUTATION 189 


159 The Cune and MilUcurie, — In much the tame vny when radon 
accumulates m a Tcacl containing a radium salt, a fixed maximum balance or 
g(pjilibrmm amount a reached m a httle over a month s time. If the quantity 
of radium a 1 gnun, the equilibnum amount of radon a caDed 1 curu; or if 
1 tnilligTam of radium a avifilablc the eqmlihnusQ amount a 1 miUicune (me.) 
In actual practice, provided the onginal quantity of radium a sufiiacnt, it a 
not necessary to wait until cquih'bnum has been estahlahed. From the num 
bers given m Table XXX it should be evident that from a 100 mg supply 
of radium, every day a tube contauung 16 5 me. could be obtained From 
a 1000 mg source 165 me of radon are available every day Tha can be 
subdivxied among a number of tubes or seeds. For example, sateen tubes 
each containing about 10 me. can be supphed every day by a center possessing 
1 gram of radnim and an emanaoon plant. 

The use of radon tubes has the great advantage that the ongmal radium 
supply a left untouched with no danger of the lo» which sometimes occurs 
when radium needles are uspd Moreover horn a imgle center tubes with 
an mitial activity of the same order as that of s m all radium needles can be 
sent all over the country On the other hand, in recltonmg dosage, radon 
seeds have the daadvinuge that correction must be made for the decay m 
activity That, however involves only a little anthmebe 

160 Di^tegraticm and Natures Transmutation. — If radium 

emanation disappears, and this to be the case, ance it steadily loses its 

radioactlnty what becomes of it? As always, experiment helps provide the 
answer When a metal wire, preferably negatively charged, is inserted in a 
tube containiDg radon, left for two or three hours, and then removed, it is 
found to be radioactive. Careful mvcsugatioa shows that the wire is coated 
with an invisible layer of sobd matenaJ to which the nairif €ctni4 d*foat s 
given If the coated wire is tested by an electroscope at iuccc«ivc nme mter 
vals of about 10 minutes, it is observed that the activity steadily decreases. 

Now what IS the explanation of these changes? The story of the unrav- 
eling of these somewhat mysterious radioactrre processes, one of the most faso 
nating m the history of ^yucs, was first given by Rutherford working in 
collaboration with Soddy about the beginning of this century To imdcrstand 
It, the student B first asked to recall that an alpha particle has a of 4 on 
the atomic weight scale and a charge of 2 poaQVc units. It is, therefore, an 
‘torn of atomic weight 4 and atomic number 2, and these numbers 
wronf^ suggest the element helium Evidence that an a^ha particle is mdeed 
a dou bly lo nged helium atom was found m the early days of the study of 
™ho*ctivTty Hehum was found oeduded m radioacuve ores, and m 1903 
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found to be greater the longer the interval, until a nujamum b reached iftcr 
about one month The numben in Table XXX and curve 2 m Fig 148, 
*how the exact rate at which the activity increases, majamam acQTUy bang 
assigned the value 100 

The figures of Table XXX are readily interpreted in tennj of two pr o ceget . 
(1) The manufacture or growth of rad^ ti a ccrutsnt rate, and (2) m decij 
in accordance with the law already ex 
plained, namely that each day the lots 
of activity of radon is 16 5 per cent of 
ita activity the preceding day If we 
start with a quantity of radmm salt im> 
tially free from radon, each day a certxm 
amount of radon is manufactured, and 
at first the total amount steadily in 
cr eases . But, as the total quantity 
incr eases, the amount decaying also in- 
creases, until ultunately a balance a 
reached when the loss in a day due to 
decay is exactly equal to the amount 
added, 

A financial iHustranon may not be 
amm. Suppose a man deposts m a 
hank $16 50 every day and, m addition, 
each day (after the first) before he 
makes his depoct withdraws 16J per 
cent of the amount to hb credit His account will mcrcase m exactly the tame 

Tasu xxX — oaowra or aAmou uavAnov raou UDimi 


Time leteml 

Petteatayp of Marlmum ViloQ 

1 daj 

16 5 

2 

30 3 

3 

41 8 

4 

51 4 

5 

59 4 

10 

as S 

20 

97 3 

30 

99 5 


way as the figures of Table XXX but it will never exceed $100 00 When 
that amount a reached ha takes out 16 5 per cent or $16 50, and puts m 
exactly the same turn. Equilihnum bat bcai obtained. 
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lencs of wccctBve gcneratioDS — radiuin B which change* to radium C by 
tbr tsiiSssoD of btta and gamma nyt radium C to C by the orusoon of 
beta and gamma, and C to D by the emission of alpha (or alternately C to 
C by the enussion of alpha and C to D by cratawn of beU and gamma) 

D to E by the dtussion of beta and gamma E to F by cmi»on of beta and 
gamma and finally F (polonium) to G by the emis&on of alpha. There 
the process stops because radium G is stable being nothing but common lead. 

This sene* of transformation* i* Tisuahied by the diagrams of Fig 149 
and further details about half-penods arc given in Table XXXI 


Table X30C1 — eaoiom a*© m fboodcts 


Suhituce 

Atoemc 

Wa^t 

Atoonc 

Nomber 

HJtPcnod 

Enusioo 

Rju£om 

226 

it 

1690 yesn 

siph* 

fUdoQ 

m 

t6 

3 83 day* 

■dpha 

Rsifaza A 

18 

H 

3 0 cnn*. 

alpha 

Rsdiom B 

214 

02 

26 S mins. 

bets, gamms 

Radnim C 

214 

03 

19 7 nun*. 

beta, gijnma 

RatSom O'* 

1 214 

04 

lO^sec 

B$’ha 

KsduuB U 

210 

0^ 

25 ytan 

beta, Cunina 

R*i£cim C 

214 

! 

19 7 mi ft*- 1 

alpha 

Tt«4inrq C" 1 

210 

01 

1 32 nun# I 

beta, gjmmj 

ktfbtrm JJ 

210 

02 

15 yesri 

beta, gimma 

R*dnim £ 

210 

03 

5 d*y» 

beta, (amma 

Ksdjum b' 

(poioidam) 

110 ' 

04 

136 d*y« 

alpha 

Rsdnim G 
(Wd) 

206 

02 

usble 



* It will be Doted that r»dlaia C cm dmntrynte by two different procoKt to form, 
Bftcr two ^eac^BtlOO^ radjnm D Of *11 lb# aioco* of radium C which dlmttegrate 
99 96 per cent fiv# Uith to radium CT and only 0 04 pe cart to radium C" 


In connection with Table XXXI the following thing* should be noted. 

(1) The half-penod of radium, 1690 year*, a » long that the total los*, 
eren m the course of a year may be neglected.* For that reason thenumber 
of atom* of radon manufactured each day by a giren amount of radium is, for 
all practical purposes, constant. 

(2) Because of the long half-penod of radium D namely 25 years, it grow* 

\ery slowly and hence, m a freshly prepared radium salt or tube of radon the 
amounts of tha product and of it* poxten^ are extremely ymjTh The actiro 
deposrt » a nurture of the products A, B andC 

In two mcMitb*, the actu»l Iqm u shoot 0 007 per 
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RauLsaf and Soddy showed that it was present m radnim eminatioa. But 
nrost striking of all was a chrect cxpenmental proof made m 1909 by Ruther 
ford and Royds. Alpha rays from a radxiactive source enclosed m a Teeri 
were allowed to escape through an eurancly thm glass window into a tecood 
vessel, where they were collected. By a spectrum test it was shown that 
hehum was present in the second vcsel m an amount which gradual^ m cr eased 
with the number of alpha particles collected. This proved conclustrely that 
alpha pamdes were nothing but the nuclei of helium atoms. 

Wc may conclude, then, that the element radium shoots off atoms of hrimm . 
In considering where they come from, it a well to recall that the difference 
between the atomic weight of radium, ^6, and that of radon, 222 a 4 The 
conclusion that the alpha pamde a ejected nght out of the nudeus of a rtdnim 
atom can scarcely be avoided. It a an example of the damtegratun of an 
clement which occurs ^ntaneously with radioactive materials, and it a this 
property which dctmguahes a radioacove element from a nonnuhoac&re one. 


a 



Fio. 149 Sebemjdc re p ruoj f doc of tmufartzudoo* Bm rtuSam 
to raifiom O or lead. 

The nuclei of the at-nma of radioactive elements are unstable, those of ordmaiy 
elements stable, (In Chapter XV we shall sec that it a pomible to cr*et* 
■ nrvTrthla aotopcs for man y elements whose normsl isotopes are stable.) I^ 
to tlia every now and then an explosion occuis, and a parccle » 

ejected from the nucleus, leaving behind the nucleus of a new atom Tha 
procea, therefore a a genuine example of the transmutation of one element 
into another Radium, a metal belonging to the hanum family is transformed 
by the ejection of alpha particlea, into radon a member of the rare gas group* 
Since the atomic number of radium is 88 and the alpha particle has an a t omic 
number of 2, the atomic number of radon must be 86 

Tha transformation or traasmutibaa from radium to radon t$ but one step 
m a whole senes of suc ceiii ve changes, all of which have been carefully investi- 
gated. Atoms of radon are unstable and when they explode, they also shot 
off particles leavmg behind atoms of radium A. Tha a another radio- 
active substance, with a half-pcnod of three minutes. The process of dam 
trgraoon contmues and radnim A, emitting alpha particle^ a followed by a 
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senes of cuccessse gcncratwns — radium B which changes to radium C by 
the rmntinn of beta and gamma ra^'s radium C to C by the cmivaon of 
beta and gamma, and C to D by the emission of alpha (or alternately C to 
C by the cmiaion of alpha and C to D b) emission of beta and gamma) 

D to E by the emission of beta and gamma E to F by emwann of beta and 
gamma and finally F (polonium) to G by the emission of alpha There 
the process stops because radium G is stable being nothing but common lead 
This senes of traniformatioai a \Tsualixed by the diagrams of Fig 149 
and further details about half-penods are given m Table XXXI 


Tasu XXXI — aAnicM axd m raoocen 


Substance 

Atomic 

NNothc 

AtoouC 

Number 

Half-Ptnod 


Radhsn 

2i6 


1690 years 

alpha 

fiadoB 

222 

86 

3 S3 dtys 

alpha 

Ra£am A 

1 2IS 

84 

3 0 mins. 

alpha 

Radhos B 

2U 

82 

26 8 mins. 

1 beta, (arnma 

Raffiiun C 

2U 

U 

19 7 mins. 

beta, gamma 


214 


10-* see. 

alpha 

Radlem D 

210 


25 years 

beta, gamma 

Ruhoffl c 

214 

83 

19 7 nnns. 

alpha 

Radhnn QT* 

210 

81 

1 32 nuns 

beta, gamma 

Radinm D 

210 

82 

25 yean 

beta, gamma 

RjuEom £ 

210 

83 

5 dap 

beta, g«TTirTT 

Radtom K 

(polotuom) 

210 

84 

136 dap 

alpha 

Q 

dead) 

206 

82 

stable 



* It will be Doted that nd ooi C can d mn tegrate by two rent pro ceti to form, 
two E Ta e^^^ ^nn«^ rodioni D Of all tb* atoou of ndimn C which dmatcgiaw 
99 96 per cent gi ■» birth to radioni O' and only 0 M- per cent to rad nm CT 


In connection with Tabic XXXI the following thmgs should be noted. 

(1) The half-penod of radium 1690 yean, is so long that the total lo*, 
even in the course of a year may be neglected-* For that reason the number 
of atoms of radon manufactured each day by a given amount of radium a, for 
ad practical purposes, constant, 

(2) Because of the long half-penod of radnim D namely 25 years, it grows 

rery slowly and hence, m a freshly prepared radnim salt or tube of radon the 
^mounts of tha product and of its postent) are extremely small . The actiTO 

deposit IS a mature of the products A B andC 

In two mocjthi, the actual Io«a b about 0 007 per 
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(3) It will be noted that ridiura ttself gives off alpha rays only, although 
at the bcginmng of this chapter it has been stated that a radium salt gives off 
alpha, beta, and gamma rays. There is no real contradiction, however, be- 
cause if a radium salt is sealed m a tube, disintegration is going on constantly 
and there o present m the tube a mixture of all the products. From the infor 
mation given m Table XXXI, it will be seen that gamma rays are emitted 
by the products B and C The emission from B is so weak and so feebly 
penctratmg that for all practical purposes, radium C a the source of the gamma 
rays used m therapy 

We have stated above that, when radon a removed from a radnim solution, 
maximum (gamma ray) activity a not reached for some live hours. Tha s 
because it takes that length of tune before the maximum amounts of radnim B 
and C are obtamed. 

(4) The end product, radium G, a stable, bemg m fact nothmg but ordi- 
nary lead Iri this connection, by means of a little elementary anthmctic, wt 
can make a sample quantitatiTe test. During the luccessve changes which 
take place m the transfonzution from radium to sterile lead, a total of five 
alpha particlea and four beta are emitted. Aa far as the alpha particles are 
concerned this represents a reduction in maa of 5 X 4 or 20 units. Since 
the mass of a beta particle b so small we can neglect any change m mas due 
to It, except for very qiecial calculations. Therefore, smee the atomx weight 
of radium a 226 the atomic weight of lead should be 226 — 20 or 206 
Mass spectrograph data show that lead has an isotope of mass 206 m pcrtcct 
agreement with this calculated value. But long before mass ipectrograph 
data were obtained, Hflmgschmid m Vienna m 1914 measured chemically the 
atomic weight of lead obtaaui from ffUhhUndo and the value he obtamed 
was 206 05 * 

By the use of atotme numhm another numerical test may be applied to 
radioactive transformations. Since an alpha particle has a charge of 2 pontrve 
units, a loss of 5 particles means a reductioa in the total positiYc charge of 
10 units. A beta portidc, however has » unit negative charge, and hence 
the loss of 4 beta rays means a decrease m total nsgttws charge of 4 units or 
a gttn of 4 positive units. The net result, therefore of the loss of 5 alpha 
and 4 beta parades is a low of 10 — 4 or 6 positive units. Smee the atomic 
number of radium is 88 it foUowa that the atomic number of lead should be 
88 — 6 or 82 asm fact it b. 

(5 ) A glance at TaHe XXXI shows that radium B radium D and radium 

* The rtodent will recall tliat the ordlBaiy (chemical) atonfc wdfbt for lead 1 * 
207.2. Thh k became It k a mixtoro of levaral botopea. 
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G or lead have the iame atormc number 82. Chemically therefore, these 
Biibetanccs have the same properties, *mco the outer electronic system m an 
atom of mutt be the same Thar atomic weights, however are 214, 
210 and 206 They arc, therefore radioactiTe aotopcs of one and the same 
clement. As a matter of fact, we owe the name Botopes to Soddy the co- 
worker of Rutherford in the pioneer work on dismtcgration because it wu 
thn work whxh first revealed their existence 

161 Artificial TranamutatioQ. — The whole story of dmntcgntion 
shows that nuclei of radioactiTc atomi are complex and unstable and strongly 
suggests the complexity of stable atoms. If ths is true, it u possible that a direct 
hit by a heavy particle Hke an alpha ray might smash the nucleus of an atom 
mto Its constituents. Breaking up the atom m tha way must not be confused 
with releasing some of the electrons surrounding the nucleus. The removal 
of one or more of these extranuclear electrons 
does not destroy the acorn, for subsequently 
other electrons are attracted by the ion and the 
atom returns to its normal state Breaking up 
the nucleus a a difierent matter It means a 
complete deatruettoa of the atom and (or two 
reasons ic n a very difficult thmg to do In 
the first place it requires an enormous amount 
of energy and m the second place, the nucleus 
must be hit “ head-on.'* In some cases an 
alpha partxde moving at high speed has the 
necessary amount of energy but the chance 
of It makmg a direct hit is extremely sbghu 
As the nucleus occupies about as much space 
m an atom as a fiy m a cathedral, the vast 
majonty of bombarding alpha partxlcs pass nght 
through the atom leaving it mtact, except for 
the occasional removal of an outside elec 
tron. 

Sometimes the approach to the nucleus n so near that the alpha ray q 
deflected to one ndc, and, at the tame time, the struck atom — or more 
accurately its nucleus — has energy communicated to it and moves off to the 
other tide Figure 150 a cloud track photograph taken when alpha rays 
were bombarding ordinary hehum proviia an excellent example of tha. It 
win be noted that the tracks are straight Imes for all but one of the partidcs. 
As the photograph dearly shows, the single exception a marked by a forked 



Fio. 150 Soctetioa n-Jf?»{nfi 
of ui alpha pamde with the 
DodcQS of a behnni atom. 
The alpha rtf, tniTclhBg ■tr»'g 
the path Toaiaed a atnkca a 
hehom Dodma ■"d U 
to trard aloof one aim of the 
fefk, while the atnidt 
moTca off aloog the other aim. 


194 


RADIOACriVITr 


track, one prong of which corresponds to the deflected path of the onguud 
alpha ray the other to the path of the struck helium nucleus. 

Occasionally the bombarding particle strikes head-on, and the struck nucleus, 
if bght as hydrogen a shot ahead with high speed. In one of the early expen- 
menti, for example, alpha rays bombarded hydrogen, and the protons which 
had been hit in this wa) were observed to cause scmtillations on a screen placed 
6ir beyond the range of the original alpha particle 

And sometimes the alpha particle enters right into or coalesca with the 
bombarded nucleus, forming a new unstable atom which disintegrates. A 
transmutation is then the result. In 1919 Rutherford bombarded the gas 
nitrogen with alpha rap and obtained hydrogen 
because of such a process. 7^ a then an ex 
ample of what we shall call artiiiaal transmu- 
tation to distinguish it from the spontaneous 
natural transmutation of radioactive miterals. 
The amount of hydrogen manufadured was 
too small to be detected by chemicaJ means, 
but the most ngid tests showed that the e£ect 
was none the less read, TTiere was no doubt 
about It. Protons or hydrogen nuclei were 
knocked out of nitrogen nuclei The proceai 
of obtaining hydrogen m this way was not 
very economical, for a milbon alpha particles 
had to be fired to give one direct hit^ and » to 
form one atom of hydrogen But it was not 
the quantity of hydrogen evolved that mattered, 
rather the fact that a direct proof had been 
given that protons existed m the nudei of nitro- 
gen atoms. Within a few yean it was shown 
that protons could be out of many 

view that all nuclei are composed of electrons 
and protons became widely held. In the light of subsequent work, some of 
which will be given m Chapter XV this view had to be altered. 

Later we shall show that when an alpha particle mteracts with a nitrogen 
nucleus with the emission of a proton an oxygen atom s also farmed. A 
cloud track photograph of tha transformation taken a number of yean after 
Rutherford’s classic experiment, IS shown in Fig 151 In tha photograph note 
the fork at the end of one of the alpha ray tracks. Tlie long, thin streak ” 
fonnmg one arm of the fork, corre^iondi to the proton path the much 
shorter and somewhat irregular second arm to the track of the oxygen atom. 
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path of an ^ected oxj^ea atom. 

other atoms as well and the 
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162 ProtectiOQ. — Ax with x my*, to with ndium rt » highly important 
to protect from postible $enoui injury all who work with radium m any ca 
paaty If a raium preparation u careleady handled beta rayi may mjurc 
the hands to such an extent that cancer ulomately develops. “ Ten mflb- 
grams of radium, or ten mfllicunea of radon m a small tube thin enough to 
permit the escape of most of the beu rays, at a distance of 3 mm from the 
skin, will debver enough radiation to produce a sharp reaction m 10 minutes 
exposure (Qmmby) For that reason to quote from the 1937 International 
Recommendations, “ the radium should be manipulated with long handled 
forceps, and should be earned from place to place m long handled boxes, lined 
on all sides with at least one centimeter of lead.” 

Gamma rays may also have important mjunous general effects, and an 
adequate of i proteenre material like lead should be used. MorC' 

over care should be exercised that a worker s shielded not only from the direct 
beam, but from scattered rays as wefl. 

In an appendix the recommendanoos for x ray and radium protectwn are 
gnrem 

163 Other Radioactive FamiUea. — In Table XXXI we have luted 
the vanous members of the radium family These however are by no means 
the only rtdioactiTe substances which occur m Nature Radium itself a a 
descendant through several generations of uranmm I a radioactrre element 
of atomic number 92, ttoouc waghi 238 with a half-penod somewhat I ra 
than 5 X 10* years. 

Two other important families censut of actimum and thonum products. 
One of the members of the Utter Umily is mesothomim a substance which 
with an atomic number of 88 is an isotope of radium. For that reason, if 
radium and mesothonum are present in the ore from wluch radium u extracted 
It u not possible to separate them b) ordinary chemical means, and sometimes 
radium salts contain mesothonum as on impun^ This a not desirable, 
because although mesothonum emits gamma rays, its acbvity decreases about 
10 per cent m a year, unlilco radium wWch, as we have seen, remains sensiUy 
constant. 
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track, one prong of which corrcjpond* to the deflected path of the onginal 
alpha ray, the other to the path of the struck hehum nucleus. 

OccasionalJy the bombarding particle strikes head-on, and the struck nucleus, 
if bght as hydrogen is shot ahead with high speed In one of the early eipcn- 
ments, for example, alpha rays bombarded hydrogen, and the protons which 
had been hit in this way were observed to cause scintillaQons on a screen placed 
far beyond the range of the ongmol alpha particle. 

And sometimes the alpha particle enters nght into or coalesces with the 
bombarded nucleus, forming a new unstable atom which dismtegrates. A 
transmutation is then the result. In 1919 Rutherford bombarded the gas 
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. _ nitrogen with alpha rays and obtained hydrogen 

because of such a process. This is then an ex 
ample of what we shall call amflcial transmu- 
tation, to distinguab it from the spontaneous 
natural transmutation of radioacnve mahruls. 
The amount of hyxlrogtn manuftetured was 
too small to be detected by chemical means, 
but the moat ngid tests showed that the cStet 
was none the less real There was no doubt 
about tu Protons or hydrogen nucla were 

knocked out of nitrogen nuclei. The process 

of obtaining hydrogen in tha way was not 
Fio. 151 Dinntegrttioo cullirfoo very economical, for a miHjon alpha particles 
rfin ilpitawutjde^th a jo to 

gea atom. The alpha partide. ® ^ 

trardSng akxig the path marhed form one atom of hyxlrogcn. But it was not 
q™"}' of hy Jrogtn tvolvcd thit mUttrei, 

S raulta, the left-hand, rather the fact that a direct proof had been 
Pooton. txjjttd m the nucl^ of moo- 
the right-hand abort, far arm, the geo atoms. Within a few years It was shown 
P^di of an ejected oTTgen atnin. protons could be knocked out of many 

other afnma as well and the new that all nucla are composed of electrons 
and protons became widely held. In the hght of subsequent work some of 
winch will be given m Chapter XV th» new had to be altered. 

Later we shall show that when an alpha particle mteracts with a nitrogen 
nucleus wrth the emaswn of a proton on oxygen atom b also formed. A 
cloud track photograph of tha transformation taken a number of years after 
Rutherfords classic experiment, a shown m Pig 151 In tha photograph note 
the fork at the end of one of the alpha ray tracks. The long thin “ streak 
forming one arm of the fork, corre^xinds to the proton path the much 
jhortcr and mmewhat mregular second arm to the track of the coygen atom. 
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g^mma rap, CM bc obtamed from a angle tube, with intensity comparable 
with that of a radium tource of 1000 grams. 

(4) By means of supcrroltages extremely high speed cathode and postire 
rap can be obtained. With such particle* bombardment cxpenmenti can be 
cained out with result* of great unportance m the field of radxdogy For 
example we «hall see m the next chapter that by such means artificial radio* 
actiTt materials can be manufactured. 

The fact that million volt x ray outfit* arc m operatxm m such centers as 
the Memorial Hospital New 
Yori:, the Huntington Memorial, 

Boston and St, Bartholomew** 

Hospital London ts ample en 
dence of the importance of su 
pcrroltagc m radiology 

A number of different method* 
have been used for the develop* 
ment of supervoltage*. Some of 
them are simple in pnnople some 
are engmeenng job* on a Large 
scale. In the following secoon* 
we thill examine bnefiy the mam 
feature* of the more important 
methods. 

165 The Inducdoa CoQ. 

— Some pars ago the General 
Electric constructed a special in 
duenon cod which could be run 
contmuouily at 700 000 volt*. 

This was used for two or three <»inmy /«aiw 

year* at the Memorial Hospital, Fio, 152. TheairtBeementol’pectilTuif vtlTOEod 
but mterrupter troubles create a»dai«r. ia a ca*»le gteerator 

difficulties m connccaon wtth mducoon cods, and it is not likely that much use 
will ever bc nude of them for supervoltage work. 

166 The Cascade Generator — la thi t,pe, u developed by the 
PhSip. Lehoratone. and the General Electric Corporation me n made of a 
combutation of condemer and reclifjrmg Tilre nnin innilar to thotc med m 
the Vaiard and Gtnnachcr rectifying arcmtl. (SecBonl 76 and 77 ) An 
arrangement utilrLed m a Phnip. generator of tha tort, capable of develceang 
800 000 Tolta, I. ihown m the dtagtam of Fig 152 In tha figure it^ 
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164 Importance of Supervoltage. — Danng the last decade the con- 
itructJon of lupenroltage machine* ha* played an important part m the dcTtlop- 
ment of radwlogy phj'sica. In Chapter II only a passing reference was nude 
to tha ^rk, because it wa* coosuicred advmblc to defer the docusson until 
the reasooi for using supervoltages could be made clear Let us now examine 
some of them 

(1) From the relation 

Shortest wave length = 1 

matininm voltage 

we see at once that the higher the voltage acroo a tube, the shorter the mm 
Imum wave length m the conctnuou* x ray spectrum- With a milhan vnlts, 
for example the shortest wave length a idiout 0 012 angstrom. The wave 
length of maximum intensity in the continuous spectrum a, of course, some 
what longer than this. 

Obnouily then by using supervoltages, extremely penetrating beams of 
rays can be obtamed. Now there u some evidence, although it a by no mean* 
concloarve, that extr em ely short wave lengths are preferable to longer ones 
for biological reasons. In any it a desirable to examine carefully the 
effects of as wide a range of wave lengths as can be obtaincd. 

Moreover the more penctratmg the i ray the greater the percentage 

depth dose, that b, the greater the percentage of the surface dose dchvered 
to deep-seated tissue. (See again section 146 ) 

(2) The mtensty of a beam of x rays increase* steadily with increasing 
tube voltage, hence ultrahigh intenaitjei may be obtamed with supervoltage 
machines. 

(3) Whh suffaently high voltages (about two mill ton), wave lengths 
comparable with those of gamma ray* from radium C may be obtamed. Smee 
the world supply of radium n limited, an arti^oal substitute would be a great 
boon- Already it ha* been demonstrated that x ray*, the equmlent of nature s 
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In iH lupcrvoltagc gcncraton impte room must be left between the high 
tenson termmji and the ceilmg or other grounded places, otherwise flash 
oven ” will titc place. 



Fw. 154. A i;25CVX)0000 wJt c»>- Fia 155. TTi« iu*aQTe end of a 

gauntor 4j0CQ,00O volt coca da gcaentor 

167 Van de Graaff Electrostatic Generator — A generator much 
funpler m prmaple than the cascade type and much cheaper to construct has 
been developed during the ta*r decade. The Hrst machine of tha type was 
the invention of Van de Graaff who made use of fundamental do- 
cuned m elementary classes m electrostatica. 

The student is asked to recall two of these. ( 1 ) An electnc charge given 
to a hollow conductor goes to the outer eurfacc, the potential at all points 
withm such a conductor bemg the same (2) An insulated charged conductor 
loses Its charge if a pointed conductor is m contact with it or conversely an 
uncharged insulated conductor with a sharp pouit attached to it, will pick 
off a charge from a charged body placed near the po|pt. In the first we 
sometimes state that the charge slips off the point. Actuallj the charge 
accumulates on the pouit to such an extent that the resulting elcctrK field m 
the air near the potnt a great cnou^^ to Hsmae the air If the pomt is nega 
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be noted that the orcurt BAC^VJ} a BmOar to the Villanl arcurt of Fig 87, 
except that only one rectifying ralve and one conden«r a used By adding 
succcsBve condenser ralve units m the manner shown in the figure, the onginal 
E MJ* developed m the secondary AB of the high tension transformer may 
be so ratiltipbed that terminal X is raised to a high posiOve potentia]^ T, to 
an equally high negaa\c In the generator represented m tha figure, with 
a transformer voltage of only 100,000 volts T becomes +400,000 volts, 
Ti — 400,000 volts, hence between the terminals there is a P D of 800 000 
volts. The photograph reproduced in Fig 153 shows the actual appearance 
of this generator or one similar to it, whose total height is some 8 feet. 



Fio. 153. PhotogTsph of a gcoenux 


Makmg use of the same principle, the Phibp* Company constructed a moch 
larger generator for the Cavendish Laboratory Cambndge England. Thu 
machmc, which has a total height of about 1 7 ftet, develops 1,250 000 vtdts, 
although only 120 000 volts is neccasary m the secondary of the tranfformer 
Figure 154 shows the actual appearance of tha generator In this figure the 
generator proper with its zig zagging valves a seen on the left. The double 
rnliimn on the right contains an extremely high resistanct which is xued m the 
measurement of the actual voltage developed by the method described m 
jeetjons 27 and 168 The horizontal piece at the top of the photograph a a 
damping resistance by means of which electncal connection a made to the 
top of the measuring rcsis^ce (as shown) and to the x ray tube (not shown) 
F*igurc 155 o a photograph of the negative end of a 4 000 000 volt gen 
crator used in the Phflips Lalxiratory at Emdhoven Holland, An added fea 
turc m this photograph a tha huge ^ere gap used for talong voltage 
jjjeasurenients (see section 23) 
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The important dctaili of the construction of a 500 000 ToJt generator m »7 be 
understood hy reference to Fig 157 An electric charge u accumulated on a 
hollow msulated conductor C »me thirty inches m dumeur and twelre 
inche* high which stands on the top of an insulating column oter three feet 
long and twelve inches m duun 
etcr The column rests oa a 
supporting base in contact with 
ground 

WIthm the base there a a small 
tranifonner rectifier unit so ar 
ranged that a negative charge slips 
off a row of points, one of which 
a represented by « m the diagram 
These points are about one quar 
ter inch from a greuruUd pulley 
revolved by a motor also housed 
withm the base A thrce^ly rub- 
ber fabric, mahng an endlesa 
belt about ten inches wide, 
passes around this pulley and a 
second tmuUud pulley placed 
umde the insulated conductor at 
the top of the generator When 
the machine is m operanon the 
motor keeps the belt moving at 
the rate of 5000 ft. per minute Pio. 157 Oothee dUemn of mull Van d« Gratff 
A collector rod with p>omts at b ttmnxu 

and at r s attached to the upper msulated pulley 

The action of the generator is somewhat as follows. As the left hand nde 
of the belt goes up with its negative charge negatrre electnaty is picked off 
at b Mott of this slips off at c gomg to the outside of the terminal, but some 
goes to the msulated pulley Since this is situated mside a hollow conductor 
normally its potential would be the tame as that of the conductor but when a 
free charge of the same kind is thus added to it, its (negative) potcntul be- 
come* higher than that of the terminal conductor Hence, when a row of 
pointed conductors a attached to the umde of the terminal as represented at d, 
the higher negiuvc potential of the puUqr causes an escape of posto, c clectnoty 
from these points. This escape of positive (1) still further mcrcases the 
negative charge on the terminal (2) annuls any negative left on the upnsmg 
belt and (3) puts a posOTc charge on the downward belt. At the bottom 
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ovcly charged positive wni move towards it and annul its charge, thus lanng 
negative tons m the surrounding rcgKtn Simdariy, before a point picb off a 
charge, there u tonrzacon between it and the neighboring charged body 
To understand the way m which these ideas are utilaed in the Van de 
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appearance of rich a measuring resatknee Thu partmiUr rcsutmcc, or 
one very prrular to It, a made of 2000 ofl nnmened carbon uniti, each of 

0 75 megohm that a, with a total resjtance of 1500 mfllion ohms. A high 
voltage of about a n^Uion and a half volts, then causes a current of about 

1 ma. through tha resatance. By means of an electrostatic Toltmctcr with 
a range up to 1500 volts, the potential difference acro« 1/1000 of the resat 
ance a read directly off tha instrument placed on the control panel of the 
machine. 

(+) Ganerstmg Voltmetar — An entirely different method which a being 
fuccessfully used for lupervoltagts, makes use of a simple fundamental idea. 
The student will recall that, when an uruh^rg^d insulated conductor such as 
BC Fig 158 a placed in the elcctnc field near a charged conductor A 
mduced charges the opposte ends of the uncharged conductor If 



Fia 158 ladoccd dunra of oppoilte Fio. 159 A ti>«ad-lTO mormeat of chants 
dgn appear at the end* oTanvinuiarvcd takes pUce in the cccdoctEr BC when the dlao 
CDodoctor placed In tbs held or a D b rotated, 
chai^ied coodoctor 

A has a negative charge, the mduced charge at the near end B is positive, at 
the far end, negative (If the conductor BC ts grounded, the end B will 
still be posmre, and negatrre wiQ go to earth.) 

Now suppose that a grounded metallic disc D cut as shown in Fig 159i 
so that nearly one half » removed, is placed between the conductors A and 
BC as shown m Fig 159a and rapidly revolved It should be evident that, 
when the open part of the dac a opposite the end B the conductor BC a under 
the influence of the charge on A and so mduced charges appear as before. 
But, when the uncut half of the grounded dac a m front of B BC a shielded 
from the field of A and hence during that mterval tha conductor returns to 
lO normsl state Smee the dac a m rapid revolution, it followi thar there 
win be a surging to and fro of elcctnc charges, that a, an alternating current 
whose frequency a controlled by the ^d of the dac. Moreover the greater 
the potential of yf the greater the intensity of the electric field causing the 
movement of the charges, and the greater the magnitude of tha alternating 
current. Hence, if wc can measure the strength of tha current, we are 
provided with a means of mcasunng also the potential of A 
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of Its downward path the poatiTe a onnuljed by the ipniyuig action of the da- 
charge pojnts at and the process goes on until, in this particular instnimcnt, 
the terminal attains a potential of 500,000 volts. 

The value of the ma xi m um attainable potential depends on the insuIiOon 
and the shape of the upper terminal In tho connection it b worth while 
noting that an upper limit to the potential which any charged body may ittun 
o reached when the electric field near any part of its surface has the value of 
about 25 to 30 Kt per cm When fields of tha intensity arc reached, loona- 
tKin and corona discharge sets In The smoothly rounded top of the generator 
B, of course, designed so that the highest voltage possible b attamed before such 
a field strength is reached 

By the use of compressed air or the gas freon much higher voltages may be 
developed before any break down discharges occur, and more than one 
generator of the Van de Graaff type has made use of this fact A milbon 
volt m ac h i n e has been m operation at the Huntington Meroonal Hoiptal, 
Boston for two or three years. More rtcendy a generator has been built by 
Trump and Van de Gnutff capable of developing 1250 Kv Tbs a housed 
in a steel tank 100 ut bgb 34 in m diameter, containing air at a preaure 
of 1 1 atmospheres. 

168. Measurement of Supervoltages. — In lectoni 23 to 28 Chap- 
ter HI some discussion was given of methods used m the measurement of high 
tension voltages. When potentials of the order of a milljon or more are used, 
naturally there are added difficulties, although the pnnoples employed m mott 
of the methods do not differ greatly from those already given. 

(1) If the supervoltage is used to operate an x ray tube, the maximum 
voltage applied to the tube can always be calculated from a measurement of 
the shortest wave length in the contmuous m>gi-f n im. Reference has already 
been made to this method in sections 28 and 103 

(2) Values of supervoltagcs may be estmiated with spark gap mtten, 
although cah'braOon values arc somewhat uncertain. The large sixe of qjheres 
used as large or larger than 100 cm m diameter may be seen by a glance 
at Fig 155 It a mterestmg to note that, m the High Voltage Engmecimg 
Laboratory at Pittsfield Mass, spheres of spun alummum, over 6 ft. m 
diameter permit direct measurements to be made up to three milhnn voltx 

(3) In section 27 reference was made to a method m which a bgh potennal 
difference may be evaluated by placing an extremely bgh resistance m parallel 
with the unknown bgh voltage temunals, and then measuring the po tcntn l 
drop across a known fraction of the whole resistance. Attention has already 
been directed to Fig 15+ which shows on the nght-hand side the external 
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mutt be lo good thtt there a no danger of ipark-over on the outade 
of the tube lOelf Care mutt be exercacd to guard againtt a discfiargt m the 
tube cTCti with a cold filament, became once an clectnc field reachea a certain 
value electrons can be puEcd out of a cold mctaL A good vacuum mutt be 
maintained m a tube, fretpiently of such large dimensions that vacuum pumps 
have to be ui continuous use Then, too there are the added precautions 
necettary to protect both operator and paoent from the dangers of electrical 
shock and from powerful beams of very penetratmg rays. 

The different ways m which these and other difficulties have been over- 
come wfil be understood from the followiog brief desenpbon of a few repre- 
sentatiTe supervoltage tubes. 

The General Electric Compao) has constructed, along more or less standard 
lines, a sealed-off tube some five feet long which is capable of operation on 
400 000 volts. In this tube by placmg the target near the inner end of a 
long hollow copper cyhnder electrons arc prevented from bounong off the 
target and charging the inner tur 
face of the walls of the tube, one of 
the common causes of cube punc 
cure. The envelope itself one 
quarter of an inch thick, ti nude 
of borosiLicate glass, a material with 
high diclectnc strength. 

For much higher voluges, this 
firm has constructed multiscction 

tubes, that is, tubes cnnsttting of a Fio. 161 Aa tOOJXO roh x-ny tube of the 
number of glass cyhndeis separated njoltuectjan type, 

by metal rings. Since the metal used is an alloy with the same coefficient of 
expannon as the glass, vacuum tight seals can be made. The metal nngs are 
attached to electrodes extending insule the tube. By the use of these inter 
medute electrodes the total voltage be twe en the filament and the target is 
subdivided and “ the metal cylmdera exert a fixmaemg action on the electron 
beam and protect the glass from bombardment (Read) 

Figmr 161 adapted from an flluttration m an article by J Read m the 
British Journal of Radiology represent! a large 800 000 volt tube of the 
multacction type built by the General Electric Company for the Swedish 
Hospital, Seattle It will be noticed that the voltage aero* each section is 
only 200 000 and that the target is at ground potentiaL The whole tube 
lies outside the treatment room which » heavily insulated against penetratmg 
rays except for the window through which they pw to the piatient. 

Another General Electric tube of the mulbsectxm type consists of ten 
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In g 0 t%*reting voUtMUrt this pnnaple has been utilized as a sattsfictDiy 
means of measunng supcrroltagcs. As an example of the way in which tla 
pnnaple is applied, a bnef desenpnon is given of the features of an 

Instrument of this land recently described by Trump, Safford, and Van de 
Graa^, and used by them for the measurement of voltages, as high as a 
milhon and a half, generated by thar high pressure electrostatic generator 
Suppose the end C of the conductor BC is jorned as illustrated m Fig 160 

to a point benveen the plate and 
the filament of two rectifying 
valves. (Actually a double di- 
ode valve js all that is nece»ary ) 
Then when B ts not ihtrldrd and 
j/ tt ncgiove, electrons flow from 
the end B through the valve Vt 
to ground at leaving the end J 
poaove. When B b shielded, 
electrons cannot cross valve Fi 
Fu, I£0 Whes die disc D u ra^r rcrolml to annul the posrtive charge, but 

the, au. ert* vJrt V. 
from ground at through 

a current measunng mstrument such as a nucroammeter Through tha m 
strument, therefore, there is an mtermittent, but unulirectional current which, 
if the disc D revolves qinckly enough is recorded as havmg an average mean 
value. 

The arrangement actually used » not quite bo ample as that shown m 
Fig 160 Since theory shows that the current through the mjcroimmeter a 
proportional to the frequency of the rotating di sc , this a made with ft>ur 
sectors, equal m area and equally ^aced (not n nliV a Maltese cross) and 
the end B direcdy behind the disc, consists of aght brass sectors mounted on a 
Textolite ring Alternate sectors (of B) are electrically jomed to form two 
sets of four each and set is jomed to a separate double diode tube. In 
this way one set of four is shielded when the other act is not, and by a rfmple 
.rytrrmnn of the mcani illustrated m Fig 160 ** substantialJy constant reccfled 
current flows m the nucroammeter circuit In the actual instrument, 

the connection unilar to of Fig 160 a a long shielded conductor and the 
microammeter a mounted on a panel 6fty feet from the electrostatic generamr 
The scale a calibrated, and rupervolla^ read directly from the instrument 

169 Supcrvoltage Tubea. — The problem of building tubes capable 
of operation, or voltages of a million or more presents many difficulties. The 
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Thenpf Depmmeat, St. Bartholomew* HospJtal, London TTuj ti^be 
thirty feet long and waghing ten ton*, extend* horizontally through three 
rooEQt In the first room a generator can maintain the cathode at a negatrre 
potential of 500 000 volt* or more The central part of the tube a grounded 
cyhndcr contiinmg the water-cooled 
gold target, be* m the middle or treatment 
room. Since m the third room a *econd 
generator can maintam the anode at a pon 
nve potential of 500 000 volts, pot en tial* of 
at least 1 000 000 can be applied to the tube. 

The anode and cathode ends are separated 
from the middle portwn by porcelam insu- 
lator*, each five feet long and elaborate pre- 
cautions are taken to provide adequate pro- 
tection from the ray*. In thi* connection we 
quote from a booUet detcnbmg this uutalla 
tion The postxm within the treatment 
room that t*, the central twelve feet, n sur- 
rounded by a protecQve iheath, consisting of 
a su inch layer of close-pacLed lead shot, en 
dosed between two coaxial steel cyhndera. 

An aperture m tbs sheath allow* the trana- 
nusBon of the x ray beam The protective 
sheath m its turn ts surrounded by a steel 
cjrhnder which came* the filter*, dia 
phragtns, and appbeaton for defining the 
I ray beam. T^c protective sheath and 
applicator cylinder can be rotated inde- 
pendently of each other In fhn way it 
IS pocsible to direct the beam of z rays at 
will either through the applicator towards 
the patient, or mto an absorbing lead nd 
die »x inches tluck, suspended unmcdi- 
ately above the tube. Thus, the portion 
of the I ray tube within Ac treatment 
room » boA shock-proof and ray-proot** 

170 High Speed Particles. The Cyclotron, — In lecoon 161 it 
WJI diown tint b, bomhirdmg mmigen with ilph. puttdo, loth hTdrocen 
wd oxygen can be ttMuE^ttired. The procew n not eeiy efficient bcc^ 



Cmttmry a tym^ 


Fio 163 The lower end o/^ the 
■roit i-rmy tube ihowo m 
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•cctioni, u 28 ft 6 in long, and i$ able to cany 10 ma, at 1,400 000 tdIh. 

In most of the fupcrvoltagc tube*, the necessary low pressure has to be 
mamtiuned by the continuous operation of exhaust pumps. The P hilip* 
Company, however have utilized successfully the muItaectKin prmaple m the 
construction of scolcd-off tube* capable of withstanding supervoltages. In 
the Philips tubes, each unit has glass ends of the re-entrant type, somewhat 
as used m the ordinary metalix tube. Fig 58, and the units arc connected by 
soldering external metal pieces at adjacent ends after each unit hi* been 
separately evacuated Connection between the units is lubscqucndy made by 



the electron beam itself, which perforates thm pwea 
of metal foil covering the central parts of the metil 
electrodes. A two-umt tube of this type has been 
conitructed capable of operatxin on 700 000 vola 
and a three-unit tube, 6i feet long, is ca p a bl e of 
continuou* operanon wnh 1 or 2 ma., at 1 000 000 
volts, 

A million volt tube of an entirely different con- 
struction developed at the Massachusetts Institute 
of Technology in connection with an electreataoc 
generator i* m use at the Huntington Memonal 
Hospital of the Harvard Medical School. The 
general appearance of this tube is shown in Hg 162 
(See also Fig 156 ) Insulation » provided by 
uang « ten foot column of twenty porcelain sccoooi 
resting on a grounded steel flange at floor level. 
Below the flange a steel cylinder which forms the 


lower end of the x ray tube continues into the treat 
Fio. 162. Tic milBoQ ^ , -17 u-i t?t ir-n. frnm 

volt x-r *7 tnhc b tbc ™ent room as shown in Fig 163 Electrons ironi 

Hnntbjrtoa McmorUl a filament at the top of the tube arc guided down 

^‘^be by electrostatic lenses, placed between each 
porcelain secto r until they strike the water-cooled 
If target sixteen feet below “ The target consists of a copper cup on the 
innde of which a 15 mil lead coating has been electroplated, the cup bang 
cooled by a water jacket. The target is at ground potential but msulated 
from the tube extension so that the current to the target can be read on a 


milLammetcr at the control pancL The x ray* utilized in treatment arc those 


transmitted downward through the target and watcr-coolmg jacket.” (Trump 


and Van de Graaff ) 

gy Qf contrast to tha tube, a bnef rcfcrcncB a made to one made by 
Metropolitan Vickers for use in the Mozelle Sasson High Voltage X Ray 
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3+ind35) posnvc ray« (iect]On43) andJphipirtidej (KCtion 150) Let 
US cBunme this deflection Ji ht^e more c^cfuUy 

According to the motor pnnaple when a wire mch » AB Fig 165 
camej » current end het m « duecoon u right angle! to > magnetic field 



Fiq. 165 The 'wire j/B when c»it 7 im a 
cuf Tcat Ifinf ra • dlrtcocn at r^c 
•ngfa 19 a maigDaoc field la acted oo by the 
fans a£ raht aogki to the win aod to the 
field. 


(fvpreseoted by the lines with arrows) n u acted an by t mechitucai hrea in 
a direction perpendicular to both the wire ud the magnetic hues. In Fig 


165 if the current, that is, the direction of 
pofitive flow is from ^ to ^ the force on the 
wire b in the direction represented by F 

Now a current a nothing but a flow of 
charges, hence a stream of any kmd of clectnfled 
partxles, whether cathode rays or po«tive ions, ^ 
coasotutes a current. If, as in Fig 166 Cl? > 
represents the path of a stream of poeitirc loxu, 
there a a current m the directioQ CD If 



therefore, a magnetic held exists with lines run 
mng at right ang^ to the direction of motion 
of the Kins, a Tnrrhannl force must act on the 
Ions. Since this force is always perpendicular 
to both the field and the current, it s not dif 
ficult to tee that the ion path must be cunred as 


/ 

Fio. 166. Ptitidea cairyuv a 
Poa^dra chaxfe when trardfine 
19 a dxrecdoo CD at nabt 
to a mtgnrdc fidd an nl^ected 
to faraw F wticb maki. t4tq 
partides oiora la tfie arc of a 
drek. 


In Fig. 166 n the field n uniform end the ipeed of the loiu conttint, the 
curre a the arc of a arde. 


Agent for ion. monngetcomtent speed, the megratude of the mechemcel 

force it directly propomonel m the itiength of the megneoc field. It fellow, 
thet the monger the field, the mote curved the peth of the ton On the 




208 


PRODUCTION OF HIGH VOLTAGE 


a direct hit between the nucleus o£ a nitrogen atom and the bombarding alpha 
particle must talcc place, and the chancca of this are only about one in a nuTI^ 
The results of this and amilar bombarding eiqienments are to important, how- 
erer, both in physcs and m radiology, that ways and means have been sought 
of supplementing the limited supply of alpha particles by other high ipetd 
projectiles. This can be done m two important ways. 

( 1 ) By ipeedmg up positive »ns with supcrvoltages. As we have already 
emphasized, the greater the potential difference through which a charged par 

fyJe fallt^ the greater the- 
lonetjc energy which it ac 
qmrta. The high voltage 
I generators we have been de 
scribing therefore, arc ion»e- 
time* used to accelerate ions 
along imtaldy constructed 
tubes. At the end of tfaesr 
journey these was may be 
used to bombard matenak 

tron. Aa M origiflaQag «t F cpinis arooad and “ wmu—4 

arooi^ ofitO Ic emerge* thraogh « thut wiadov iF (2) By the use of a ejei^ 

withrerTtl«hn«d. Since tha o the method 

which has been developed with great success and since na use has led m results 
of great importance m radiology its base pnnoplci will be described some- 
what m detaiL 






b 


Fundamentally the method employed m the cyclotron consists ra giving an 
wn at regular mterrals a succesnon of low voltage pushes until it acquires tbc 
speed equivalent to a high voltage. The ion, after moving at a low speed 
through a half-arcle of cmatl radius receives a puab which sends it on at greater 
speed m a half-ardo of larger radius at the end of the second half-arclcj 
receiving another push it goes off moving still more quickly in a srill greater 
half-arcle The process continuea, half-arclei being executed at greater and 
greater speeds and with greater and greater mdfi until after a few hundred or 
more rei^uDons, the wn is moving so quickly that its energy b the same as if 
ft has Enough a potential difference of a few million volts. In Fig 

164#, the curved dotted line re p r es ents a fcw turns of the spiral path of such 
an ion. 

For the satisfactoiy operation of such a scheme two things are necemry 
(I) The K^n* must be made to move in circular pathsj and (2) the pushes murf 
be properly timed. The first condition is cosily realized by an apphcation of 
the motor pnnaple to whfcb a somewhat general reference was made m 
^ deflection by a magnetic field, of cathode rays (sections 
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To TTi«k^ sure that the wn* whiri around after the manner depicted m 
Fig. 164 the arrangement mint be wch that after the completion of each 
half-arde, an ion rcceircs a push making it go a little faster m the next half 
arcle, TTie aolution of tha problem » simplified because the time taken 
an wn to corer a half-arde b the tame rcgardlcts of its radius. It a eas 7 to 
see the reason for this. It nmply means that the greater speed of the particle 
in a orde of greater radius iust compensates far the longer path.* 





Fio. 16S. Tbe untghi tnck t> doe to • 
Terr £ut cofiDK nr orcoUrpstli m 
the knrer hsl/ to cotnp&nu dr (low 
poHtToo which ongiaAtra la the lad 
p^tc. The met clrcolv path iOaf. 
tntes the effect of ooUhnn nu^oetic 
£dd on moniig eketnhed pcrtici& 





FIO.J69 Theo^pontecarrxtnmofdK 
ontjoauu ui a ceatcr C the* 
the rrah ai cc of both potttjre mod 
negatiTe partidec. 


To gn-e in Km a puih a the end of eich hilf-orde, me n nude of the 
updljt altenutmg volugcj winch out be numtmned between two conducton 
by mem. of hjgh frequency orcuiu. In Chapter XVI certain detad. about 
inch orcuia win be grren but, aj they are nowadayj m common use, bong of 

• Tke tune » euente > canplete dicle = ^ Prom the Ju. (roen m the foot 


note on piye 210 thli mar to •»"=> ^ in eipmnon wto« mlo. gou not deymid 
OQ the ndha. 
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other hand, xf the magnetic field u lopt constant, slowly moving lom arc 
dedected more rcaddy than fast ones.* The curved paths of clectnded 
particles are beautifully illuitrated by cloud track expanson chamber pbotO' 
graphs. Suppose that HKLM F?g I67a represent* a cross-section of a cloud 
track chamber placed m the strong uniform magnetic field represented by the 
dotted line*. If a photograph is taken when an 
wnmng parocle a moving along CD the trail of 
tons will be curved, somewhat as shown m the 
top view, Fig 1 67A Actual photographs sbow- 
' mg the art reproduced m Fig 168 and Y\g 
169^ In Fig 169 note (1) the closed circlci 
whiM mdicate the presence of very slowly roov 
mg parode* (2) the much less curved tricb, 
which mdicatt faster ions. The two opposte 
currature* of the trails of the faster ions provide 
evidence of both positive and negative partxlea. 
(See sectioii ISO ) 

The circular m the lower half of Fig 
168 show* clearly how, by the apphcartioo of a 
IT TtfT n ^w 4 magnetic feld, it u possble to make 

^i»mbcr die 0^3 pith of a electrified particles move m ortlcs. To deflect 
chii^ p^dc In a magnetic parodes of atomic size strong magnetic fields arc 
field ni *7 be rerealed. ‘ 

necessary and the construction or a suinCenoy 

powerful dectromagnet for a good cyclotron a a big job m itself. Here are 
a few detailfl about the magnet used m the cydotron iHustrited m Fig 170, 
one of the earlier instruments built under the direction of E O Lawrence of 
the UniversTly of California, The pole face* are over two feet in diameter 
The total weight of the magnetic arcujt consisting of seven scctioni of cast 
itecl a about 65 ton*.” The copper coils carrymg the current wbch 

magneGza the iron weigh about mne tons and are immersed m oiL The 
large drum like pieces shown m the photograph rep resent the outer cadng 
surroundmg these coil*. 

* A partlde with charte • and velocity v a ajcivaleot to a c orr ept » AppUcadoo 
of the motor prhidplo ibowa that tha mcdiankml force defecting the pardcic u ffa* 
where H U the rntmilty of the maguetic field. Since, when a pardcle of mew m moTO 

with conitant velocity o in a drclo of imdim r the centripetal force k w may 

^ O’ r ~ — Haiea the pnalTar the smaller r or the mcr* currod 

the path. 
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piuhcJ from ^ to J on the nght «dc of the box, m the next hxlf-cycle it will 
be pmhed from J to on the left, xnd fo continue on la orcular motion m 
pithi which ever widen becxme of the increxK m ipeed exch hxlf revolution 



Flo. 172. Anodjer Tkw ot cbe deet in tbe Purdue Unirenlcjr CTciocroti. 


them to emit light of t livcnder color The path of the wme » t he n 
nuu-ked by a column of light extending for lome distance from the window 
Tha a beautifully shown In 173 a photograph taken by Profeaor 
Lawrence using deuterons (aucin of heavy hydrogen) posaeasujg some five 
or SIX milhon electron-volts of energy 

If • wigle piub a given by m potennxl difference between the deei of 
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the type neccMary for the generation of radio witc*, most readen will rcalne 
that It ts not a di^cult matter to mamtain between the two conductor) marked 
A and B m Fig 164 a potential difference of tereral thousand volts which 
alternates from A positive and B negative to the reverse, a few milbon tunes a 
second In the actual instrument A and B are hollow semicircular boies £re> 
quently called D*s or dees, somewhat as shown m Fig 164^, which be m the 



Fio. 170. A new of ooe of the cydotronf cocutnxtafaiideT the directuQ o/E. O. Lnrrtnce. 


region between the pole pieces of the powerful magnet. In Fig 170, the 
posmon of the decs ts cleaHy shown nght at the center of the photograph. 
Figures 171 and 172 reproduced through the kindness of W J Henderson 
arc photographs of the dees used in the cyclotron recently constructed hi the 
Physics Department of Purdue UniTenity 

When the machine is in use the air u exhausted from the boxes, a btde 
gas such as hydrogen a allowed in at low pressure and ions are created at the 
center by some such device as a heated hlamenL The value of the magnetic 
field and the frequency of the oscillating electric ciremt are so chosen that 
dunng the time of a reversal of voltage between A and 5 the wn to be qieeded 
up moves through exactly half a orde. Whenever therefore, an ion » 




CHAPTER XV 

ARTIFICIAL RADIOACTIVITY 

171 Nuclear Bombardment. — The rtsulo obtamed by bombarding 
fuh$dmcei with high ^ed particles have justified many times over the time 
and energy expended m the development of tupervoltage machines. In tha 
chapter reference is made to some of the important docovenes made m this 
way with special emphics on those relating to radiology At the outset the 
student should become famihar with the foDowmg method of describing m 
symbols a nuclear mteracOan 

In section 36 tt was pointed out that to describe an atom without ambiguity 
both Its atomic weight and its atomic number must be grren Analysts by 
the nufl spectrograph has shown m addition that on the atomic weight scale 
iruHxg* of all atoms are given by numbers which depart from integers by very 
«mflll amounts. With these facts in mind it a easy to see why an isotope of 
an clement is frequently deagnated by the tymbol *X* where X is the cus- 
tomary chemical symbol^ « is the atomic number and b the maw number that 
a, the integer which with sbght error represents the atomic weight. Thus, 
represents ordinary hydrogen iH or D* heavy hydrogen or deuterium 
He* bebum or an alpha particle and i*Hg^ itHg ** MHg^** toHg**^ 
-Hg« and »*Hg**^ various isotopes of mercury 

Whenever the nucleus of on atom moving at high speed strikes the nucleus 
of another atom and an interaction takes place, whatever the products, 
the total nuclear charge and, at least to a first approximation • the total mac« 
must remain constant. If, then we write down an equation describing the 
nuclear reaction the sum of the charges and of the on one shIc must 

equal the corrcspoading sums on the other side 

As an niuatration consider again the pioneer experiment of Rutherford 
when he obtamed protons (^H ) by bombarding mtrogen (,N^ ) with alpha 
parades (iHe ) In symbols we can write 

• TUi UKma th* validity of the law of oxaervadoo of nun. Actually In ooclear 
ractKxa, the t uJ niaw bef rv nay differ wrr tUgkiiy from ti* total aa» afar tb. 
tea cU oa. Till* que*u» is dlw:uMcd aad explaiacd in 114 
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10,000 volts and an ion makes 200 rcvolutjons, it has rccered 400 pushes 
or the equivalent of 10,000 X 400 or 4,000 000 volts. Actmlly protons 
and dcutcrom and nuclei of helium atoms with much greater energy vilues 
than this have been obtained. Values as high as 20,000,000 electron volt 



Fio 173. A doM op pbotDgnph ahowiag die hnnlnesceace la air caoaed bf a beato ef lilfii 
energy dcuteraaa emorglng from a c^detraa 

deuterons have been reported. Cyclotrons have been constructed at virxDuJ 
Urge centers, and valuable results obtained by bombarding substances with 
the high ^ed particles so obtained. In the next chapter we shall dHooi m 
detail those results which have proved of value to radiologists. 





CHAPTER XV 

ARTIFICIAL RADIOACTIVITY 

171 Nuclear Bombardment. — The rejults obtained by bombarding 
•ubstanccs with high speed pamde* have justified many times over the time 
and energy expended m the development of fupervoltage machmes. In this 
chapter reference u made to some of the important discovenes made m thn 
way with ^leoal emphasa on thoac relating to radiology At the outset the 
student should become familiar with the followuig method of descnbing m 
symbols a nuclear mtcracnon 

In section 36 it was pointed out that to describe an atom without ambiguity 
both its atomic weight and tti atomic number must be given. Analysis by 
the rn«^ s p e ct r o graph has shown m addiooo that on the atomic weight scale, 
masses of all atoms are given by numbers which depart from mtegers by very 
tmall amounts. With these facts m nund it u easy to see why an isotope of 
an clement is frequendy desgnated by the symbol where X » the cus- 
tomary chemical symbol a a the atomic number and h the number that 
a, the mtegcr which, with slight error represeno the atomic weight. Thus, 
represena ordinary hydrogen ,H* or D* heavy hydrogen or dcutenumj 
He hebum or an alpha pamde and wHg'** *#Hg^ wHg**^ 

»Hg*** and nHg*** vanous isotopes of mercury 

Whenever the nudeia of an atom movmg at high speed strikes the nudcia 
of another atom and an interaction takes place, whatever the final products, 
the total nudear charge and at least to a first approximat»n * the total 
must remam constant. If then we wnte down an equation descrflnng the 
nuclear reaction the sum of the charges and of the ma*cs on one side must 
equal the corresponding sums on the other side 

As an fflustratjon consider again the pioneer experiment of Rutherford 
when he obtauicd protons ( H ) by bombarding nitrogen (,N“) with alpha 
partidcs (aHe ) In symbols we can wnte 

TN"*4-,He*= + 

* Thu aanme. the alidlty of the law of (wumadoa of maw. AetTEdlv In nodear 
rcaciioo., the total nu* before may differ wry iUgiUy from the total maa after the 
reacboo. Thu qoatua u du rn wed ami cxplalDcd In Kcdoo 1I4 
21S 
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where jr a a product which must hare the trum number 17 since 14 + + 
= 1 + 17; and the atomic number 8, since 7 + 2 = 1 + 8 Smee 8 a 
the atomic number or the datmguahing mark of oxygen, x must 
an aotopc of tha element of mass number 17, or we may now write 

,N** + ,Hc‘ = ,H» + ,0*^ 

Aj we have already pointed out, long after Rutherford performed tha eipen- 
ment, analysa by the mass spectrograph showed that oxygen has an aotope of 
mass number 17 

A sdll more abndged notation, mabng use of the symbol a for alpha particle, 
f for proton, writes the above reaction N’*(a which means that 

nitrogen of maa number 14 when bombarded with alpha partxles, gives nse 
to an cmigton of protons and forms an oxygen notope of mass 17 In tha 
book, however, we shall make no further use of this notatxin. 

172, Proton Bombardment. — ‘Protons were the first amfictsllytccd* 
crated particles to be used m bringing about a nuclear transform anon. In 
England, Cockcroft and Walton obtained alpha partxles by bombarding a 
hthium target with protons, in accordance with the equatxm 

^ +.H* = ,Hc* + .He* 

Although these oqienmcnters used protons accelerated by some 150,000 
volts and the transmutation can be brought about by less t-han 25 000 volts, 
the efficiency of such processes mcreascs rapidly with the speed of the partxles. 
For example, m one mvestigation it was shown that whereas for 250 000 volt 
protons there was one successful hit m 10* shots, for 500 000 volt protons, 
there were ten successful hits m the same number of shots. In many reac- 
tions It IS to have availahle particles speeded up by several milljon volts. 

We conclude tha sectwn with two other examples of proton bombardment 
which ^1«jn themselves. 

+ iff = + ,He* + ^He* 

nNa“ + iH' = + jHe* 

173 Detrteron Bombardment. — High ^leed deutcrons, that a, nucla 
of the of heavy hydrogen hare proved of the grea te st importance in 

bnngmg about nuclear tramformationv At tha stage we give two examples. 
The first a described by the equation 


= aHc* + .He* 
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Here, rt will be noted, the bthium 6 ootope, on bombardment with dcutcrona, 
giTCi rac to alpha particle*. Tha particular reaction i* beautifully iHuitrated 
by Fig 174 where a and b mark the path* of the two alpha particle* ejected 
amultancoudy m opponte direction*. 

To make tbeK l^g trail*, the alpha particle* initially must have had a great 
of kinetic energy A* this energy is a direct result of the nuclear procea* 
which tp^*^ place, rt should be evident that the equation doe* not tell the 
whole story For a complete daciaaion conaderation must be given to the 
energy mvolved, a questxin considered in section 184 

A second example of dcuteron bombardment which the student can interpret 
birpylf B given by the equation ^ 

+ ,D = C* -f .He* 

Other unportant ex a triple* will be given lattr 


4 . 

P X. M. M.T a. wtfWB 

Flo. 17-4 d aad > mark tha path* of two c]plu parudcf Reefed tunaltantoattr in omMte 
d ir ect io oi wfaeo a bonibanfing deatenn truck the 'iru>lj»ni of a EtUom 

174 Artificial Alpha Particles. — By using hehum m the dees of a 
cyclotron alpha particle* with kinctc energy exceeding 15 million electron 
volt* have been obtained Since the energy of alpha particle* from a radium 
preparation i* of the order of 4 million electron volt*, we tee what a powerful 
tool the cyclotron ». Moreover not only can much filter artificial alpha 
particle* be developed, but the mtcnaities of the beam* so obtained an the 
equrralcnt of huge amount* of radioactive matenala. 

The followmg i* given as an example of the many nuclear tianafonnation* 
whxh have been brought about by the uie of artificial alpha particle*. 

i*Mg“ + ,Hc = + H 

175 DUcovery of the Neutron. — The dacoTety of the nnaeon . 
(urtide of nun number 1 but without my electnol clu^e wu tbe reoilt’of 
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where b a product whxih mutt hare the maw number 17, snee 14 + 4 
= 1 + 1 7 j and the atomn: number 8 smcc 7 + 2 = 1 + 8 Smcc 8 a 
the atomic number or the djstmguahing mark of oxygen, x must reproent 
an isotope of this element of mass number 17, or we may now wnte 

As wc haye already pointed out, long after Rutherford performed tha open- 
ment, analysis by the mass ^ctrograph showed that oxygen has an ootope of 
man number 17 

A still more abridged notation, mabng use of the symbol « for alpha particle, 
f for proton, wntes the above reaction which means that 

mtrogen of mass number 14 when bombarded with alpha particles, gires n* 
to an emmun of protons and forms an oxygen isotope of man 17 In thn 
book, however, wc shall make no further use of tha notation. 

172. Proton Bombardment — Protons were the first artificjally aced- 
erated particles to be used m hnngmg about a nuclear tnuuformabon. la 
England, Cockcroft and Walton obtamed alpha particles by bombarding a 
lithium target with protons, m accordance wi^ the d^uanon 

+xH' = .He* + .He* 

Although these experimenters used protons accelerated hy some 150 000 
volts and the transmutatjon can be brought about by less thjui 25 000 volts, 
the effiaency of such processes increases rapidly with the speed of the particlc*- 
For example, m one mvesugatjan it was shown that whereas for 250 000 volt 
protons there was one successful hit m 10* shots, for 500 000 volt protons, 
there were ten succeaful hrti m the same number of shots. In many retc- 
Oons It IS fli^srrahlr to have availahle particles speeded up by several m tlltfm volts. 

Wc conclude this sectxm with two other examples of proton bombardment 
which themselves. 

= .He* + .He* + .He* 
iiNa" + = «Ne" + .He* 

173 Dcutcron Bombardment. — High speed deuteroos, that is, nocld 
of the of heavy hydrogen have proved of the greatest importance m 

bnngmg about nuclear transformations. At tha stage we give two examples. 
The first is described by the equatjon 

+ ,D* = .He* + ,Hc* 
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Here, It win be noted, the Lthum 6 aotopc on bombardment wrth dcuteron*, 
give* rue to alpha particle*, Thu particular reaction u beautifuUy fllustrated 
by Fig 17+ where • and b mark the paths of the two alpha particlci ejected 
gmiilfaneomly m oppostc directwns. 

To ^c*e long traili, the alpha particle* mmany must hare had a great 
deal of kmetic energy As tha energy u a direct result of the nuclear procen 
which take* p1ac>», tt should be evident that the equation doe* not teH the 
whole story For a complete ducusswn conaderation must be given to the 
energy involved, a question considered in section 184 

A second example of deuteron bombardment which the student can interpret 
hnnsclf u given by the equation 

+ D* = ,C“ + .He* 

Other unportant example* will be given later 


f L Dm. a. r X «w am Mar 

Fia 174. s ud i muk the pathi two alpha parbdes ejected dmalQuwmilf la oppoaite 
(£xtctioctt vheo a bocnban&sg deatenw track the nodras of a Ijtimun frw 

174 Artificial Alpha Partidea. — By usmg helium m the dee* of a 
cyclotron alpha parOcle* with kineoc energy exceeding 15 million electron 
volts have been obtained. Since the energy of alpha partxle* from a radium 
preparation a of the order of 4 million electron volts, we see what a powerful 
tool the cyclotron a. Moreover not only can much faster artifit^ alpha 
particles be developed, but the tntcmiocs of the beams so obtained are the 
equivalent of huge amounts of radioactive materials. 

The following u given as an oounple of the many nuclear transformations 
whxh have been brought about by the use of amfiaal alpha particles. 

uMg“ + ,He* = 

175 Discovery of the Neutron. — The dacorery of the , 

pemde of mar. number 1 but wnhout any electncal charge wa. the renilTof 
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where u a product which must hare the mao number 17, ance 14 -f 4 
= 1 + 17t and the atomic number 8, snee 7 + 2 = I + 8 Since 8 « 
the atomic number or the datingutthing mark of oicygcn, x mutt reproent 
an sotope of this element of mao number 1 7, or we may now wnte 

rN“ + ,Hc* = ,H* + ,0» 

Aa we have already pointed out, long after Rutherford performed tha eipcri- 
ment, analysu by the mao spectrograph showed that oi^gen has an isotope of 
mao number 17 

A fdll more abndged notation makmg use of the symbol a for alpha pamde, 
^ for proton, wnte* the above reaction N'*(a, 3>)0” which means that 
nitrogen of mas* number 14 when bombarded with alpha parudea, gives nsc 
to an cmiwon of protons and forms an oxygen isotope of mas* 17 In tha 
book, however, we shall make no further use of this noutuuL. 

172, Proton Bombardment. — Protons were the fint artidcaDy accel- 
erated pamde* to be used m bnogtog about a nudear transfonnanoo lo 
England Cockcroft and Walton obtamed alpha partides by bombarduig a 
lithium target with protons, m accordance with the equation 

-f.H* = .He* + .He* 

Although these expenmenten used proton* accelerated by some 150 000 
volts and die transmutaticm can be brought about by less thin 25,000 volts, 
the cffiaency of such processes mcrease* rapidly with the speed of the parodei 
For example m one investigatian it was shown that whereas for 250 000 volt 
proton* there was one succeatful hit m 10* shots, for 500 000 volt protons, 
there were ten auccesiful hit* m the same number of shots. In many reac- 
tions It B desirable to have available pamde* speeded up by several milban volts. 

We condude this section with two other examples of proton bombardment 
-which explain themselvea. 

+ .H* = .He* + .He* + .He* 

= .•Nc- + .He* 

173 Deuteron Bombardment. — High speed deuterons, that b, nuda 
of the atom* of heavy hydrogen have proved of the greatest importance in 
bnngmg about nudear tramformabon*. At tha stage we give two example*. 
The firtt a described by the equatian 

^ + ,D" = .He* + ^c* 
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near which or through which the particle B passing In coniequcncc, electron* 
are pulled out of many of the atom* la the path of the particle the atom* arc 
thereby ionized and the moving charged particle i* gradually slowed down a* 
la energy a thm expended. With an ufufurgtd particle, however no luch 
strong clectrxal forces exist and the slowmg-down procc*» tt very much lea* 
rapid Indeed, direct hio on the nuclei of the atoms are mainly responsible 
for the absorption of such a pwroclc by the medmm through which it passe*. 
The ilowing-down process of an uncharged jurtxJe, therefore d^nd* on 
two factor* (1) the degree of closcnc**, and (2) the masses of the nuclei 
Actually the absorption B much greater m a hght substance than m a heavy 
because mas* for mass, there arc far more nuda m the light than m the heavy 
substance. Moreover the colliding pamde if of small mass, bounce* off a 
very heavy nucleus with little loss of energy whereas on coUmon with a light 
nucleus, such a parocle transfers much of its energy to the struck parode 
The fact, therefore that lead h more transparent than light substance* to 
the radiation tn queiGon b a strong argument m support of the hypotbess 
that thtt radiaoon from beryllmm consuo of a itrtam of neutrons, partJclei 
uncharged, whose masse* are much less than thoae of tbe nuclei of atom*. 
If the mas* of a neutron a of the same nugnmide as a proton tbe neutron in 
a head-on collision against a proton give* up all lO energy to tbe proton and 
the marked absorption of neutrons by lubstaaces containing hydrogen finds a 
ready cxplanatioiu 

Chadwick, therefore, concluded that this extremely penetrating ruliation 
consisted of a stream of neutron* generated according to the equation 

Be* + ,He‘ = ^ 


where ,» a the symbol for a neutron 

176 Other Methods of Producing Neutrons, — Subsequent work 

showed that neutrons arc liberated m many nuclear reaction*, but bombard 
ment of certain substance* by detiteron* haa proved parbculariy usefuL We 
grve three example* m the following summary of neutron produemg methods. 

,D + ,D* = ,Hc* + ^ 

Be + = .B • + 

Be* + He* = -f- ^ 

+ D’ = Be* + ^ 

= .He* + ,Hc. + ^ 
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certam expeninentj m which alpha partides from a mdioacave tource were tlic 
bombarding partjclca. In Germany BccJccr and Bothe, when bombardinj 
certain substanccj with alpha ray* from polonium observed, particularly from 
the element berylhum, the emtswon of a radiation fiuffiaendy penetrating to 
pa** through tolerably thick ihcct* of metal This radiation they considered 
to be similar m nature to gamma ray*. 

^ Followmg up this worl^ m France, Jobot and ha wife, the daughter of 
Madame Cune of radium fame, were able with more intense source* of alpha 
rays, to *how ( 1 ) that this radiation could penetrate an inch or more of lead, 
and (2) that, when it struck a substance hTe para^n wax (which contams 
a large amount of hydrogen) proton* were ejected with great energy Nett 
the two steps in producing the protons. Alpha raj* strike berylhum; boyl- 
Ihum emits this penetrating radiation supposedly of a gamma ray nature the 
f radiation strikes the parafRn wax, and proton* arc ejected. 

In England at Cambndge, a pamcle without charge and with the mas* of 
a proton had been sought for more than once. A* far back as 1920 Ruther 
ford bad made reference to the posable eastence of a neutron and ahoot the 
same time Harkins at Chicago had pointed out that the problem of builduig 
heavy nuclei from light wa* much ampbfied if particle* of tha nature were 
available a* building bnek*. Now Chadwick working at Cambridge saw 
that It wa* highly probable that at least part of this penetratmg radiation from 
beryllium consisted of neutrons and he set out to prove it. 

It was clear that the radiatjon m question knocked protons out of paraffin 
wax, and it was a simple enough matter to measure the energy of the expelled 
protons, by examining bow far they traveled. When tha was done it was 
seen that it wa* extremely unlikely that they were knocked out of the wax 
by a gamma ray For ihm to be possible the g amma ray photon would have 
had to posse* some dfty milhon electron volt* of energy, an amount far m 
exce* of any probable value for such raxhabon On the other hand, if the 
radiation consisted of high ^ed material particles, each with a m ass approto- 
matcly the same as that of a proton the behavior of the emitted protons w» 
exactly what was to be expected. The gamma ray hypothesis was something 
irw aosummg that a pellet of buckshot hy striking a cannon ball could project 
It forward, whereas tJic (neutron) jjarocle hypothesB made only the reasonable 
sjiumptioa rirf It was a case of one cannon ball bang struck forward by 
another 

The ***»■ with which the debatable radubon passed through thick layers of 
strong suggested that the particles, if such they were, were uncharged. 
When a pcsov^y charged particle ploughs through matter there are strong 
force* of attraction between it and the negatively charged electron* m an atom 
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178, Protectloa against Neutrons- — From what baj been itated m 
the prcTwm >ecOon it wil be evident that it is highly necewary to provide ade 
quate protection against possible neutron bombardment. It should be equally 
dear that a substance lilre lead » pracncaUy useless as an absorbuig material 
Neutrons will pais through several feet of lead. In actual practice protectxm 
a provided surrounding a neutron source with tanks of wateti use being 
of the slowing down of the neutrons by impacts against protons. After 
some twenty coUisnas, a Sve tnilbon electron volt neutron b jlowed down to 
such an extent that rti energy b only about one tenth of an electron volt. Ccr 
tain fiucla strongly absorb slow oeutrona. If boron for example, a added to 
the water m the tanJc, it becomes a stiD better absorbing layer 

179 Neutron Bombardment. — Because of the case with which un- 
charged neutrons can come m contact with nudci of atoms, tha parodc has 
proved particularly valuable in bringing about nudear retetsons. In tha work. 
It has b^ shown chat both fast and slow neutrons are highly effective in caus- 
ing transhvmaoona. Here is one example in which an alpha pamde a ejected 
as a result of the douitegratioo of the temporary compound fomed when a 
neutron unices wnh a boron atom 

^ ^ = 1/ + ,He* 

Tha a an especially interesting reaction because Pancth and co-workeri 
not only identified spectroscopically the small amount of hehum manufactured 
but also measured the volume liberated when the source of neutrons acted for 
a measured time Some idea of the ddicacy of Pancth s measurement a 
obtained from the fact that he dealt with volumes of the order of one ten- 
miliwinth of a cubic centimeter 

An important reaction involving a product to which we thaTI again 
refer, b grven by 

1.S** + cA = laP^ + 

A reaction like tha, in which a proton a emitted a# c result of damtegnoon 
after the coalescing of the neutron with a nudeus, must not be confused with 
the coUajon of a fast neutron with a proton. In the latter case energy a conn 
mumcated to the proton and it goes ahead as a recoil partide. 

An exccUcnt tUustnaon of the power of a colbdmg neutron to bring about 
damtegratjon a found m the fict that whereas with the fastest alpha particles 
available no dwntegratjon had been obtained with elements of atomic number 
greater than 19 after the discovery of the neutron « was soon shown that 
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Although tho cyclotron a the chief instrument for obtaining high t p ee d par 
tides, It a worth while noting that at the Mount Vernon Hospital, Londoo, 
the D -|~ D reaction noted above has been used satufactorily with an acceler 
ating tube operated on 300,000 to 400 000 Toltj, “ Tha plant his » far 
given an output of neutrons equal to that produced by 30 cunes of radon pha 
berylhum ” 

177 Importance of the Neutron. — We have described somewhat m 
detail the steps leading to the dacovery of the neutron as well as differest 
methods of preparation because there a ample evidence that b iologically nen - 
trons are of very great importance. Although, as we have seen, a neirtron be- 
ing uncharged does not ionize directly, mdirect ly it may cause intense l O PTi a 
tjon m a v ery s hort datance. For example, m passing through tissue witHTts 
hipi percentage of hydrogen many neutrons arc stopped (or slowed down) 
by direct h its (or lea direct colhswns) against protons. TTieso protons then 
begin to move with the energy imparted to them lyThe neutrons, and bong 
heavy charged particles cause mtense ionization as they are slowed down. 
Smee we have good reasons for believing that tomzabon a the primaxy cause 
of Uological changes, it b only reasonable to expect strong biological reactions 
with neutron bombardment. 

Direct evidence of tha has been obtained in capenments which showed that 
neutro ns were s^eral tunes more effective m de iii - uym gL mahgnan t celh m 
rats than x rays, and also m retardmg the growth of wheat seedlings. In th» 
connection wc quote from an article by Gray Read and Mottram m Nature 

(Sept. 1939) ‘ Neutron energy thus appears to be about ten times as efficient 

u gamma radmtion energy m ita lethal effect on bean roots.” 

In a stin more recent article m Nature (Jan., 1940) J H Lawrence 
writes “ The intense beam of neutrona produced by the cyclotron has made it 
po«ihlo to investigate thar bwlogical effects on vanoxa objects such as bactena, 
plants, Drosophila eggs, anunal tumors and normal Tha new 

penetrating form of rachation has intense biological effects, even greater than 
X rays or rays, on normal and tumor tissue, but when compared with 

X rays, selectively affects some tissues more than others. Experiments on am- 
mdicating that neutrons are more destructive to neoplastic tissue than 
to normal tissue suggested their trial in cancer therapy 

Careful experimenting alone can deade to what extent neutron bombard 
ment may be valuable m the treatment of cancer Already a bcginniag has 
made at Berkeley Cahforma, the home of the first cyclotron and in doc 
tunc valuable data will be colle ct ed there and at other centers. 
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dots reprcjentmg ions look ciactly the ttme u those obtained with beta nys 
and £ist electron*. Moreo\cr estimate* of the energy of such particles, based 
on the measured curvature of thar tracks (and the assumption that they are 
electrons) lead to values m agreemenc with observations of therr ionization 
and that penetrating powers. We get into difficuloei, however when tve try 
to ascribe the trail of opposite curvature to either an alpha particle or a proton 
This trail also looks exactly like that of an electron and not at all like the 
heavy continuous line representing the trail of an alpha particle or of a proton. 
If daregarding thn fanihnty to the path of an electron the paroclc a assumed 
to be ntber an alpha ray or a proton and its energy is calculated making use 
of the amoimt of curvature values are obtained far too small to account for 
the observed penetrating power All the evidence therefore, mdicate* that 
the trad n caused by a posmvely charged partxle of mass comparable wnh that 
of an electron. When cosmic ray cloud track photograph* were 6m taken no 
such particle was known to exist, but this was the conclusion to which Andersoji 
in the Umted State*, m 1932, and not long afterward* Blackett m EngUnd 
were dnvea. The* new particle was given the name fcsxtron. 

Another good example of the track of a postron b abown in Eig 1 68 

Although the postron is, in many ways, the counterpart of the electron it 
differ* from it m one important r ey ect because unlike the ubsqurtous stable 
dectron the pontron u an extremely short bred unstaUe particle. 

The mtsotroH revealed its existence m expanswn chambers as a track heavier 
than that of an electron or a positron but less heavy than that of a proton. It 
has now been definitely established that rt a an unstable short lived particle, 
whxh may be other posmve or negative havmg a mass of the order of 200 
times that of an electr o n For a while it was referred to as the heavy electron 

In concluding th» brief reference to coiimc rays, it u interesting to note that 
there u evidence that the rays come in bom outer space with energies exceeding 
a thousand milhon electron rolta. 

18L ArtificUl or Induced Radioactivity —In 1934 Mme and 
M Johot, working m France found that aluminum foil which had been 
bombarded with alpha rays for a few minutes, emmed posrtrons dfttr th* bom 
b^dmmi h^d cttttd Tile foD could be removed from the source of alpha 
ray* — taken into another room altogether — and when brought near a 
charged electroscope caused it to lose it* charge just Kkc a natural radioactive 
body The aluminum soon lost its acquired radioactivity decreasing to half 
strength m about three minutes, but the effect was unmotakahle. Aluminum 
can be made temporarily radioactive hy bombardment with alpha rays. What 
exaedy happens? 
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elements of iugh atomic weight, such as gold, were readily domtegrttei In 
this work the name of the Italian physiast Femu is outstanding 

More recently a new type of atom-sphtting, often referred to as iIk fiawo 
of heavy nuclei, has been brought about by the use of neutrons. For <^nTplg, 
It has been shown that when a neutron collides with the nucleus of umuum, a 
dismtegration takes place mto two atoms, probably banum and krypton both 
of fairly high atomic weight. After the fission, there is evidence thit eich 
product emits neutrons. Tha reaction is of great intemt and may possiUy 
prove to be of economic importance because, as a result of a single fission cnergj 
of the order of 100 or 200 million electron volts is released. The posa bd i y of 
hameasmg this energy is discussed in section 185 

For the radiologist, the most important result arising from the nuclear re- 
actions brought about by bombardment of atoms with neutrons and other par 
bcles, IS the manufacture of artificul radioactive elements. Before dacoHug 
this important question however, a bnef reference must be made to one or 
two new particles. 

180 The Positron, the Mesotron, and Coamlc Ra}^ — In iccdoo 
4 1 It was stated that at all times there are a few stray ions present m nr The 
study of the cause of the feeble conductivity armng from these ions led to the 
conclusion that the earth s atmosphere ts traversed by a radiatxin of is yet 
unknown ongm coming m “ from out of the everywhere mto here.’ Tha 
radtatjon is now caDcd comuc rajt Hundreds of mvcsOgations have been 
made and hundreds are m progress, concerning the nature of these rays. Al- 
though much mformation has been found the quesdon of cosmic rays presentt 
many problems still unsolved and m tins text detafls would be out of jJace. As 
a result of these researches, two new particles have been discovered, the festOv* 
and the mston or irusotroru In the dacovery of these particles cloud track 
photographs played an important part. 

Figure 169 reveals a phenomenon which frequently occurs when a ensnue 
ray strikes a substance the metal plate As a Kcn in tha photograph a 
shower of electrified parbclei, ongmating as a result of the impact of a cosmic 
ray has emerged from a center marked C m the material surrounding the 
cloud track chamber When tha photograph was taken the parocles had to 
traverse a magnetic field, and hence the curvature m opposite dircctioQS 
strongly suggests that there arc two kinds, one with a postive charge, the other 
with a negative. The only known negatively charged particle a an electron 
but we have become familiar with two posmve particles, alpha rays and pro- 
tons. The assumption that the path curved m one durction is caused by an dec 
tron tt greatly strengthened by the appearance of the trail, because the little 
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lowing cqoAtions docnbc thrc« of the several w*y* ui which it can be prepared. 

-h 

4- iD’ = iJ*“ 4- 
+ .He* = x»P“ 4- 

When jiP** damtcgr»te», bcoi ray* ere emitted, hence i^** mutt bo the final 
cable product, m accordance with the relation 

= .*S” 4- 

The radJoelementt luted m Table XXXII are taJeen from an amde m 
Nature (Jan 27 1940) by J H Lawrence of the RaduOon Laboratory, 
Unmrety of California, and ifiow aome of the jaotopes u*cd m biological mve*- 
Qgationa at that mtticutian In the latest arailahle complete hst of mboelements 
(Jan, 1940) more than 330 are noted. 


Taau gPQl 


Ri<fen>TTwms 

1 RadUoeo 

Hall^Pttwd 

Kydrogea, W 


lA-170 days 

Cerboo, «0> 

prttrmn anii pnima 

30,5 ndiia. 

So£ujs, uNs* 

bets and fuwu 

i4.i boGn 

Pbonbanis, uP* 

Sohifaar ' 

QiLnaa, yC?* 

ben 

beta 

po^troo ynima 

14J days 

81 days 

J) nilnotes 

PMuinun,»K** 

beta and gimois 

12.4 boon 

Oddnna, aCc* ' 

bets and ganuna 

180 days 

lroo,»Ft*» 

bets and gsjnras 

1 47 day* 

Brocioc, «Bf** 

beta and gsnuna 


lotftv, uP* 


1 13 days 


We have already indicated sereral ways m which ,|P" can be manufretured, 
and shall describe dctailj about the preparaaon at only one more, uNa** This 
is manufactured m the foDowiag way*. 

„Na” + .D' = oNa'* 4- 

uMg** 4-*«* = uNa‘* + 
uMg** 4- iD = uNa * 4- .He* 

When radxjjodium* djantegrates, with a half-penod of 14 8 hours, ,*Mg“ 
a the stable prodoct and bet* and gamma rays are Liberated In symbols we 
write 


uN»“ = uMg** + + y 
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An examiriitfon of the tnmamutatjon producti mulbrig' from the bom- 
bardment of (dummum with alpha rays, ahowi that durmf ih* bomitrdtjunt 
sometime* proton* art emitted, sometime* neutron* and pojrtxon*. The proton 
emwrion is readily explained by the transformation 

1^" + .Ho' = 

To account for a neutron emtstion, the fallowing tranimutation most tike 
place. 


1.A1" 4- .Ho' = ^ 

In thn case, the products of the transfonnabon are a neutron and an element 
which must be pho^orus, because its atonuc number a 15 Pbosphona a i 
well known element with a stable aotope of mass number 31, but it has no 
known stable aotope with man number 30 Mme, and 111. Jobot^ therefore, 
concluded that this isotope of phosphorus a unstable or radjoactrre, enutnng 
positrons when it * explode*.” What happens then a tha. The onginal bom- 
bardment of the al umin um manufacture* a certain amount of uP** On 
ceasmg fire with the alpha rays, the fad a remoTed and embedded m it are 
dieu new unstable or rtdioactiTe atoms. When they explode, they shoot off 
positrons. 

Smce a positron has an almost negligible man and one unit postire charge, 
the nucleia left behind after the explosion has prscn rally the tame mass as be- 
fore, but an atomic number one less. In the case of i^P" the nuclcia left, 
therefore, must have an atonuc number of 14 hence it miat be ab enn 

We may write 

where is the symbol used for a postron 

The half-pcnod of P” it a little less than three minute*. 

To distmgiiith an unstaUe, radioactrre aotope of an element from a stable 
one, particuljLrly when the element occur* m nature only m it* stable form, the 
prefix ra£o may convemendy be used. Since, howerer the same element maf 
hare more than one radioictire aotope the mas* number should also be ipeci 
fied. The clement phosphorui, for example, has s radioactiTe aotope of mass 
number 32 a* well a* of 30 

Radiophasphoru*" or xJ*", a of much greater Importance to the radiolo- 
gttt than i*P** because m half-pcnod of 14 J days a so much longer The fal- 
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lowmg eqiutionj describe three of the w*y» m which it cm be prepared. 

^ = uP** + 

+ tD* = 

^*Si« + .He- = i,P” + 

When x*P” damtegratc*, beta ray* are emitted, hence i*S“ must be the final 
stable product, in accordance with the relation 

+ *- 

The rscboelementi Isted in Table XXXII art tahen from an article m 
Nature (Jan 27 1940) by J H Lawrence of the Radiation Laboratory 
UniTtrsty of Cahfomu, and show »me of the isotopes used in biological mres- 
bgadoniattbatmtmuQom In tbe latqt available complete hat of radjoelemeot* 
(Jan. 19+0) more than 330 are noted. 


Taata XXSI 


Ra&itteaiem 

Ra^SaoGD 

Haimriod 

Hydrogen, H* 

beta 

150-170 diya 

Carboo, 

pOfitrOO and prnma 

2n.{ mma. 

Sofflum, ubft** 

beta and I 

I4J boun 

PbospboTus, mP* 

beta 

14J day* 

Solpbor 

Qiwrln*, uCP* 

beta 

pOntnB ■nd 1 

n day* 

33 mlaotea 

Potuniom, »K* 

beta *»d g«>nrw 

12.4 boon 

Ctldom, aCs^* 

beta and |amina i 

IK day* 

Ireo, hFc* 

beta and gamma 

47 day* 

BraoaM, »Bt** 

beta and gumsa 

34 boor* 

loiai^apa 

beta and gamma | 



We haTC already indicated several way* m which uP** can be manufactured 
and shall describe about the preparation of only one more, uNa** Tha 

a majuifactured m the following way*. 

,xNa« + xD = xiNa” + 

laMg” = xxNa» + 

xaMg*' + xD" = uNa” + 

When radioiodnim** dnmttgrate*, with a half period of J4 8 hour*, uMg** 
a the stable product and beta and gamma ray* are liberated. In lymbola we 
^»nw 


,Na» = uMg*‘ + x^ + r 
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Ridu)»dnjm** may readfly be made m quantitjei which are the equiralent 
of thoujands of dollan worth of radium Theje artifioal radio-«otope* art 
important, however, not only because they lupplement natural radwactiTC 
substances as sources of radiatton, but also because of tbar use as indicators or 
traccn. Tha question we discus# m the next sectwm 

182, Radioactive Indicators, — The lae of radioactnre matcmli as 
mdicators depends on two facts. (1) The Hjnrzabon method of detecting and 
measuring small quantities of a radioactive substance is so sensrtiTe that it a 
possible to measure quantmes millions of times less than the smallest amount 
detectable even by the spectroscope. Hevesy and Pancth who were pwneeji 
m the use of radioactive elements as mdicators, state that whereas “ spectros- 
copy can often not only detect, but even measure, much smaller amounts, 
down perhaps to 10^ or 10"^* gm, only the methods of radioactiTity 
are oUe exaedy to determine quantities of matter of the order ol^ say 
I0-"gm” 

(2) Stable isotopes and unstable or radioaictive isotopes of the same element 
have identical chemical properties, and, therefore, cannot be separated by 
chemical means. 

Now long before the dacovery of arti£aal radioelemenoi it wu rcahied, 
notably by Heresy and Paneth that if a small amount of a radioactive no tope 
was mixed with a large amount of a stable isotope of the same element, the 
aconty of the mdioacOre portion would rereal the pr e sence of the whole 
quantity Bismuth and radium E for example, arc isotopes with the same 
atomic number 83 and if these substances are mixed, it is impossible to sejK 
aratc them by chemical means. But, whercTcr the mixture a, its presence can 
be detected by the signals wbeh the unstable atoms of radium E send out in 
the form of lonmng beta raduftona. Moreover because of the extreme sen- 
BrtiTity of the lonnation test, only a very small amount of the radioactiTe 
tracer or indicator a needed. Thti particular example has been given because 
bismuth a used m the treatment of syphihs, and by the adxhtion of radium £* 
It was possible to mvesOgate the rate at which different bomuth compounds 
are rcaorbed after mjection (Heve^ and Pancth) 

The discovery of the comparative case wrth which it a possible to manu- 
gictiire racboactiTe aotopes of elements present m plants and animsH has 
naturally led to tbar use in bwIogxaJ and pbyeologxa] inveitigibons. In the 
preceding section a hst of radioelcments laed m tsological mrcstigatjoni has 
already been given and to two of these wc now make a bncf reference. Be- 
cause of hs fairly long half-penod and its unportance m body mctabolam radk>- 
pbosphona" a the mdicator which so far has been most frequently used m 
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Wilfvgwral mvcsogatioiu. A tnull amount of the radioactive element, mixed 
with todium phosphate, is introduced into the body by the mouth and the sub- 
sequent behavior of the phoqihorus traced. It is not the object of this book to 
go into details concerning the results of such investigations, but it a uiterettwg 
to note ihaf It has been shown that the role of phosphorus m bones, for example 
a a dynamic procca that a, atoms of this element arc constantly being re- 
placed by the arrival of fresh atoms. As another illustration we quote again 
Hcvciy and Paneth “ Hence, from the presence of radioactiTC pbo^haodcs 
m the bram tissue of fully grown animals after the mtake of radioactive sodium 
phosphate we can conclude that these tissues, contraiy to general assumption 
arc constantly regenerated 

The same methods appLcd to plants have shown that in the leaves of maize 
and sunflowers, phosphorus atoms wander about, the same atom moving from 
one leaf to another m the course of a few days. 

Although the hjilf penod of radiosodium** a much shorter than that of 
P** It also has proved useful as an mdicator Common salt, to which a little 
of uNa** has been added can be detected tn a hand ten minutes after rt has 
been swallowed and when a solution of common salt ts injected mtrevenously 
in one hand, twenty seconds later sodium appears m the other hand. Another 
investLgaoofl, in which rabbits were used has provided evidence that there 
a a threefold concentration of sodium in the heart as compared with other 
ttouei. 

A glance at Table XXXII shows that isotopes of many of the elements 
luted there are present m the human body From the brief account which has 
been given above rt should be evident that mvesogabons using these elements 
as indicators are certam to provide valuahle biological physioiogical, and even 
pathological information 

1S3. Gamma Ray Bombardment. — In scctiona 109 116 118 and 
121 reference was made to the view that radiation must be thought of as 
dttUng m energy units called quanta. It will be recalled that for radiation of 

A X r 

^vc length A, a quantum has the value — — where A ts Planck s u mve r u l 

constant of magnitude 6 56 X 10"" erg X sec. and c represents the velocity 
3 X 10 * cm per second with which all electromagnctK wares trarel It was 
pointed out also that mmctimes it » necessary to think of radiant energy travel 
mg through space as photons, each photon having a quantum of energ) Using 
dm pomt of view for example, we saw m section 1 18 that it was easy to ex 
plain the production of rccod electrons when x ra^i are scattered. In section 
121 It waj also shown that, if wc eiqiresa m electron volts the energy of a 
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photon of raxiubon of wave length X angjtroma, we obtam the result 

m X 10^ 

Energy of photon = elcctmn-volts. 

Foe » gamma ray of wave length 0 0056 angstrom, one of the shortest 
emitted by radium C, this gives the value 2J, X 10* e.v^ that b, over two 
million electron volt*. If, now we keep m mmd that photons may have 
energy values os large as tha, it should not be surprising to learn that nocla 
of some atoms can be dmntegrated by gamma ray bombardment. We note two 
examples. (1) Using gamma rays from thonum C of magnitude 2.62 
millioa e.T., Chadwick and Goldluber dmntegrated deuterons into protons 
and neutrons, m accordance with the equation 

,D‘H-r = aH* + .n^ 

(2) Neutrons may be generated by bombarding beryllium with ga mm i 
rays, provided their energy exceeds I 4 million e.T 

Since amounts of energy far m excess of two or three ele ctr on volts 

are necessary to dismtegrate the great majority of stable aotopea, there are not 
many examples of dismtcgr a bon bj gamma rays. 

184 Mass and Energy The work on dahitegrabon and trammota' 
bon has shown that the nucla of atoms must be complex m structure. In pret- 
ent day physKS one of the important proUems b the eluadabon of tha structure. 
It a not our purpose to go mto details about the informs bon which so 
far has been obtained, but there b one question relating to nuclear structure 
and nuclear transformabons which ts eo fundamental that some explana 
bon of It must be given. THb has to do with the equivalence of nuui and 
energy 

In section 171 it was pointed out that, m equabons dealing with nuclear 
reacbons, the sum of the mass numbers on each side of the equabon must be 
the tame. This, however is true only to a first approxunabon If use u ma d e 
of the accurate values of atomic weights found by the mass spectrograph a few 
of which arc bated m Table V section 48 a very slight discrepancy between 
the ts found. As an example consider again the reaction 

>LP + = ,He* + JIc* 

If we set down m a kind of balance shee^ the accurate mass values, we see at 
once the r"" on the right sde of the equa b on it distincdy less than the sum 
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Btrou 


Am* 


MtMofLn-7 0lS2 
Miuo/If - 1 0011 

Srpp B g 0263 


Mm of 4 COW 
MmofHe* - 4 0040 
Sun - 8 0080 


on the left The dacrepincy ts not great, bang only 0 018 but it a ^ too 
Urge to be deacribed to e*penmental error la the tranvacoon apparently 
nuM ha* been lost. What haa become of it? 

The answer to a question of tha kind had already been gircn by Emsta n 
who showed that eo€rj form of hst ait t^ionaUni mau It a a wrong 

although a Tcxy common to consider mass and matter synonymous. It 
a perf^y correct to state that mert matter has mass, but the conrersc a not 
ne cqsa rily true, because all mass a not associated with matter Energy too 
has mass. A photon, bar example has mass) and the mass of a proton a greater 
when It a nsoving than when rt a at rest by the mass equiTalent of its kmcDC 
energy 

In symbols, Einstein s law a wntteo 

E 

E = or m = -^ 

c* 

where E represents the amount of energy <r a the Tcloaty of light, and m the 
equralentmais. Let ui put the matter m numbers. 

The maai of a hydrogen atom = 1 66 X 10“ * gm- and e=:3X10*cin 
per sec. If therefore, it was posshle to annihilate a hydrogen atom although 
mert matter would disappear the maM would now be aaociated with an 
amount of energy given by 


£= 1.66 X 10^X9 X 10»crgi. 

If tha energy a expressed as V clcctixm-TroIts, then we write (see cnTM^n 35) 

X 10-“= l^X 10->‘X9 X )0», 

from which 


y = 933 million c.v 

Thus, we msy state that the dtuppea ranee of about I unit of matter on the 
atomic weight scale should release about 930 milbon c.t hence the daap- 
pearance of 0 001 of a unit releases about 0 93 milhon e,T Approxunately we 
may use 1 m illi o o c,t as the equivalent of 0 001 of an atomic waght imtr. 

On tha view then coniarvtaon of mats hoUs only tf xtfa mduda tha mats 
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tqtavaUni of any tnargiat tnvolvei m a transaetton. The truth of this wa 
proved bj^ irect cjtperuncnt for the rcacoon jLT -f- = ,Ho* + iHe* In 

one experiment it was shown that when the bombarding proton had 300,000 
e T of kinetic energy each of the emitted alpha particles o ejected with 8 7 
million e V of kinetic energy When these energy values are taken into con 
sideration and Einstein’s law is applied, there ts no discrepancy between the 
total mass on one sde of the equation and the total on the other Our balance 
sheet now a written. 


Baroaa 

Man of Othium^ atom 

Maas of bombarding bjdrogcn' tcoca 

Mass equiTtlent of 300,000 e.T 
Total 

Ajrma 

Mass of 2 bebom ttoou ■■ 2 X 4XX>40 
Mass eqohriknt of 8 TOOpQO e.T 
Mui equmkoc of 8 TOO/UO e.T 
Total 


-7X1182 
- UI08I 


300,000 
~ 923 fiOOfiCO 


- X10Q3 

^0^ 


6.700X00 

“933X00X00 


8X080 

X)093 

0093 

S£2£6 


185 Energy from Destruction of Matter — If man could destroy 
matter and harness the energy released, the consequences would be amaamg 
The annihilation of a peDet of coal weighing an ounce would jrclcase enough 
energy to provide the electnc power requuements of a quarter of a mill i f ui 
people for one year if we a»umc a monthly hiH of $5 00 and a rate of 2 cents 
per kilowatt hour 

The results of the protnn bombardment of hthnim seem to suggest that 
the release of atomic energy m this way a more than a poiabihty A fingle 03 
million e,T proton brings about the release of two alpha particles, each with 
8 7 million e v and this looks like a prodtable bimneai. The profit, however 
IS more apparent than real because, for every proton which hit a lithium atom, 
some ten rniTTinn were fired without makmg a direct hit at alL The energy 
expended m shooting this largo number is entirely wasted, and if we take it 
mto consideration the release of energy by transmutation of this sort a a very 
meffiaent proceaa. The fission of uranium to which a bnef rcfcrenco was 
made m section 179 suggests a much more likely meaiu of utilmng the energy 
released when a nuclear reaction takes place When slow neutrons collide 
with Ur“* fisBon results with the liberation of neutrons and of enormews 
quantme* of energy If the Ur*” is surrounded by water the liberated neutrons 
tre slowed down and hence, provided sufficient Ur*“ is present, a chain re- 
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ictjon go on with contmuoiu liberatioa of energy Early m 1940 mveso- 
gitjoni m the United State* isolated inudl but meaiurahle quanOde* of Ur“* 
f r o m the other isotope* of thw element. The possbflity of utibrnig commer- 
aaHy energy released m tha way then became more than a fantastic dream 
and the daily press gave conBderaUe prominence to this new source of power 
Ur“* cannot be pr^uced without the apenditurc of energy however and 
tt ha* yet to be demonstrated that thi* nuclear reactxm is commercially feasible. 

186, Emission of Gamma Ray* in Nuclear Reactions. — In the 
proton-hduum reaction the form of the energy rtl rated wa* fcmctjc, but tha 
B not the only kmd which may appear Sometime* radiant energy b released 
when a nuclear reaction place For example, when proton* bombard 
boron^ gamma ray* are emitted a* a 
result of the transmutation 

,B“ + 

Smee the mas* of = 11 0128 
and the n^«■M of = I 0081 

or the total = 12.0209 

and Knee the of 

= 12 004 

we tee that the lost mass, or more ac 
cunucly the loss of mast atsocuted wrth 
matter = 0 017 unit. Hence, energy 
B releated to the extent of 17 X 
0 93 or about 16 milbon e.T Expen- 
mentaHy when thit reacOon take* place 
an emisBon of gamma rays is ohserred, 
with energy reaching a nrTimnm 
value of 16.6 millJM c.T From 
obterratjon and measurement of the 
energy of gamma ray* emitted in tucb 
a reaction valuable mformatioa B ob- 
tained about the vartout or con 
ditjoru m whxh the nucleus of a stable atom may exist. 

Tha emacon of gamma rays roust not be confused with the gamTTu rada 
tioa from a radioclcment. In that case an unstable nucleus b formed as a 
result of the nuclear rea c tion When subsequendy such a nucleus explode* 
because of its instability gamma ray* are soracuroei emitted. 
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A ttrflang example of the eqmyalence of energy and maa a the 
ance of a ga mm a ray photon and the creation of an elec tro n and pasrtron. 
When in a region close to a nucleua, a photon may disappear to girc rac to an 
electron pair Figure 1 75 is a cloud tra^ photograph illustratmg this phenom- 
enon 

187 Structure of the Nucleus. — The disintegration of a deutcron 
into a proton and a neutron a direct evidence that the nucleus of an atom of 
deuterium u made up of one proton and one neutron. From both theoretical 
and experimental consderatxina the view a now generally held that nuda 
of all atoms are made up of protons and neutrons. Nitrogen^*, hir example, 
has 7 protons and 7 neutrons helium' or an alpha particle, 2 protons and 2 
neutrons. 

In radioactive botopes, the nuclei are unstable, and sooner or liter they dis* 
mtegrate ^ntaneouily The nucla of most stable isotopes, however, ire 
difficult to disintegrate. It fbUows that the forces holding protons and neutrons 
together at extremely small dctancei must be very great Little is known about 
these forces and the reason ffir such strong attractoos, but it is not difficnlt, 
m some cases, to show how strong ts the banding energy bolding the particles 
together m the nucleus. As an example, consider an alpha pamde, whose mass 

ti4^004umt3. Since the mass of two protons and two neutrons IS approximately 

+ X I 008 or 4 032 units, when these four particles are united m a single nu 
cleus, there a a loss of 4 032 — 4 004 or 0 028 unit. Tha represena an 
amount of energy equal to 28 X 0 93 or about 26 milbon e,v Hence, to 
damtegrate an alpha parade would reqmre tha amount of energy 

With the mtensive research being done in the field of nuclear physcs, our 
knowledge of the nudeus a bang rapidly extended and it may be stated with 
confidence that the future will reveal important derelopments. 
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HIGH FREQUENCY CURRENTS 

188, Claiaification of Currents, — In Chapter X a bncf reference wu 
nuide to the electneal watei whxh are radiateJ from a axcint carrying rapidly 
cttallating current!. Since current! of thi* kind are used in electrotherapy m 
the concluding chapter of tha book a short account s given of the mean* by 
which tisch rapid osctllatioa* are developed At the outset we summarize the 
vanoui type* of current* with wfuch a radiology student should be famfliar 
There a first of all the broad classification used by the practical electnaan 
into D C and AC,, that a, mto unidirectional and alternating current*. 
Under D C we include the following 

(1) The steady current which i* maintained m a smple orant by a con 
(tint source of £ M.F such a* a storage battery or a D C dynamo or any 
good cell Such a current at one time was designated gglxmtu the term gal 
vanum bang applied to the use of such current*. 

(2) InUrmsttsnt umduectional current, *uch is that through a self rectified 
X ray tube or a tube ^icrtted by a tran*former with mechanical rectifier 

(3) Pulsttmg direct. — This kmd a somewhat samilar to an uiteTmrttent 
current, except that m pulsating the current need not necessarily drop to zero 
between place* of maximum miensrty A pulsating current r«n be obtained by 
the use of a mechanical device whereby resistance a regulaHy taken out of a 
arciDt or added to it, 

(+) Pronsrj fara£c — Tha a the name sometime* given to the current 
m the pnmaiy of an induction coil controlled by a hammer break. Tha iltn 
a an intermittent current, but one which a characterized by the abruptness 
With which the current drop* to zero value (See Fig 13 ) Due to tha 
a marked itimulu* may bo applied to a muscle or a nerve by the 
use of such a current. 

(5) ZtcoruUrj ftraJia — Current* through the secondary of an mducoon 
cod can be classified as direct, if the magnitude of the induced E MJ 
on make n to small that no appreciable mverse current flows. In a good cod 
thtt should be the case. Frequently however mverse current a present, and 
If so, secondary faradic should more properly be classified under AC 
233 
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The following can properly be classiicd aj A.C 

(1) The gradually changing smuiouUl current represented by the imooth 
curve of Fig 4 Corameroal AC of 25 or 60 <^cle per second appronmates 
to this kind. 

(2) High Frequency The term Ai/A is applied when the frequency of al- 
ternating currents reaches a value of the order of 100,000 cycles per second. 
Frequencies of a miHton and more cycles per second are quite common, and 
It IS now not unusual to use values as high as 300 milltnn or even higher 
When such currents pass through tusue, there is not the marked snmnlus re- 
sultmg m muscular contractua or painful sensation which farad tc or even low 
frequency currents cause High frequency currents, however, have the im- 
portant appheabont noted below 


189 The Gcneratioti of Damped H.F Currents. — HT currents 
may be divided into two classes according as the osaTlanons are damped or 
im damped. First we consider the generation of damped currents. 

When a condenser is charged, and then 



discharged, the discharge current a one of 
two kinds. If the terminals of the condenser 
are connected by » fairly high rcsotance a 
steady dnect but gradually decreasmg cur- 
rent flows unti] the condenser » completely 
discharged. This typo of discharge, the 
cftnoJiCj a represented by the graph m Fig 
176 If the resistance a low an osdllatoiy 


docharge, as represented by Fig 177 takes 
place. The reversals of current mean that 
the co ndenser a discharged recharged m the opposite sense, dacharged again, 
and so on the process continuing until the energy ongmaDy stored a ultimately 
drwpjted m heat, and, sometimes, m radiation In an ideal arrangement with 
neghgiblc resistance, no heat would be developed, and the oscillations would 
contmue for a long time — not mdefinitely however because, as wc shall sec 
later radii bon of electromagpebc waves takes place when the osdllabans are 
sufficiently rap*d. 

An almost exactly analogous phenomenon takes place with an oscilliting 
ample pendulum. If the “ bob of the pendulum is drawn to one sde and 
then released, tt^-iTlanfma are executed until the ongmal potential energy com- 
municated to the system has aE been dioipated m heat as a result of mechanical 
fnebon between the moving bob and the air Dunng the bme that the oscil- 
lations arc taking {dace, a constant exch a n ge is going on between the potential 
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energy (P E ) of the dapliced bob and it* kmedc energy (K*E) At the end 
of each half codllation the PX is a maxunum and the K.E zero, whereas 
at the middle position the opposite u true Because of the small am resistance, 
this interchange goes on for some tune before haaQy all the original PJ} is 


conTcrted to heat. 

MathematiaJ treatment of the oadUaonns m both the mechanical ij'stem 
and the electrical show* that the analogy maj be pushed stiH further Resist- 


ance a ihn to fnetMO and current 
When the bob a in it* lowest position 
where its Teloaty a a mjTimmn ns 
mertu causes it to overshoot the 
mark ” and to store up P E on the 
other sde. So too when a con 
denser hu been momentaxOy emptied, 
because of inductance, the current 
contmue* to flow and to the 
a charged in the o p poa te sense. It 
wiU be recalled (see secoon 6) that 
whenever a current m a circurt a 
ch^gmg an induced E.M J or an 
EAU of mductance a present which 
oppose* the change. Moreover the 
greater the mductance of the orcuit, 
the greater the magnitude of tha op- 


to the vcloaty of the pendulum bob. 



177 Graph itp r ucn dot tha damped 


po*mg E.MT' Hence we may consider mertu and mductance a* analogous 
qua n tiDe*. In a mechanical system the greater the mertu of a body the 
/ ' greater its tendency to keep on movmg when m motion m an elcctncal circuit 
y the greater the mductance, the greater the tendency of a current to peisst 
tt a started. 


When these facts are put m langiuge, exactly nmJar equation* 

*rc set up for the mechanical and the electrical lyitem*. From such equations 

It a not difficult to show that, if R < ’ ^hcrc R a the rcsatance m nhmtj 


L a the mductance m bennes, and C a the capaaty m farads, an oscillating 
take* place and that, for low value* of R the frequency of the 
a given by 



236 


HIGH FREQCJENCY CURRENTS 
For example, if C= 0 002 microfarad, and L == U7 X lO"* hcniyjconw 

out to be nearijr one mi llion cyclei per second. 

It will be noted that, the greater the yalue of L and the greater C, the 
tmallcr the value of / or the lower the frequency Aa far « b conctroed 
tha a Just what we should oq>ect, because, as we have noted above, the 
greater the mdu cta n ce, the greater the force resatmg changes, or the more 
“ sluggish ” the current b. As far as is concerned jt is not di^cult to 
understand why an mcrease m C should slow down the osdUanons. Smre 
at any mstant, the voltage acrots the condenser = Q/C, it Mows that the 
larger C the longer the time it takes for tha potential difference to reach its 
maximum value during a half-cycle. For vciy rapid then, both 

C and L should be small. 


Hh 


190 Elxperiinetital DcmonBtratioii of High Frequency — Sup- 
pose a Leyden jar of cap acity C is jomed to the terminals A Boi$. Wrmthurst 
machine, somewhat as shown in Fig 1 78 When the machine a operated, 
ft charge up on each of the condenser plates 
until a potenoal difference {Q/C) develops wbxb 
B tu^aentfy high to cause a spark to jump the gap 
AB Because of the intense lonuanan assodated 
with the spark, the gap becomes temporarily a region 
of low resistance, and an osdUating docharge of the 
condenser takes pl»re- If this qiark u rTsmmfd m 
a revolving mirror, it b seen as a succession of fl si he s, 

Fm. 178. Th. c “S'' "P"!;; B7 mmg .n fflanogl.ph, it^J 

i$ dm^cd br Ota- « shown m a still better way that the current wiien 

nected tbetennlnali the condenser » dachanang a oadUatorr ActuaDv 
J and fl of a Wlmahnm ^i-n u jv ^ 

the otemograph record shows a curve aiqiisr to nut 

of Fig 177 

If fairiy high values of L and of C are used, it a possible to take readings 
h) the laboratory from winch a plot of the oadHatory discharge may be made, 
prowled some means, such as the Wshst^r Drof Chronomstsr^ a available 
for measuring very s m all time mtcrvals. With such a devKe, it b possible 
after charging a condenser, to measure with a balhsfic galvanometer the 
charge left m it after each of a senes effort but gradually mcreasmg tune 
intciwls during which the condenser^B ^owed to drschar^ The wnter 
has recently examined the laboratory report of a group of students who had 
obtained m tha way an excellent oadHatoTy e nr v e using C = 1 microfarad 
and L = 0 76 henry 
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191 Primary Tesla Circuit. — When a single complete discharge takes 
with an arrangement li ke that of Fig 178 the osdllationi art hcavdy 
damped eren with pthTI reststance, and the total number of cycles ts small 
To miVf! practical use of high frequen^ currents, a succession of discharges 
must be availahle. This a readily accomplished by any arrangement which 
recharges the condenser nearly as fast as It a discharged A common arrange- 
ment is shown in Fig 179 where P and S represent the primary and secondary 
of a itep-up tran sform er ^ and B are the terminals of a spark gap C ts a 
condenser and L an inductance A few turns of heavy copper wire make 
a convenient mducjance for many cjqieninents. Since the plates of the con 
denser are always m electrical contact with the terminals of the secondary of 
the transformer the condenser O repeatedly recharged after each complete 


F to, 179 The pnmar 7 T«lm ciirmt, an 
tritufciuent far obtaiamt a raccetson 
of damped htgh-frei^Qaicr 


Fia IBO. Tlie Idnd of hlgb-frtqacacy 
cumsts obtanud with the airange 
meat ahewn m Fig. 179 


•iitcharge in the oscillatory orcuit BACL and a luccesoon of osdUation pulses 
ts obtained. Figure 180 shows the nature of current m the osdllatory or 
cun with such an arrangement. 

To the ear rt seems as if continuous sparking were taking place, but actually 
^ off-penod that is, the intcrrai between the puhes I and 2, 2 and 3 
180 may be many times longer than the actual time oscillations arc 
^^kiog place during a single pulse For example, a small transformer operated 
On 60 cycles per second, ndght recharge the condenser every half-cycle that 
a, every 1/120 of a second. then the frequency of the osedUtums m the 
^“■cutt BA CL were a milhon per second, and there were 1 0 m a single pulse 

^ total time of a pulse or a complete dacharge would be -r or 

j r r 6 \fXOfXX) 

I^jOOO * second, a time many tones shorter than 1/120 of a second, 
^ interval between pulses. 
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U«mg such a orciat, one can show some striking expenmentj winch 
demoiutrate mdirectlj the existence of high frequency currents m the coil L. 
For exa mple, if a tube containing the gas neon at low presmre a brought near 
this coil, or indeed, placed near almost any part of the oscillating circuit, the 
bnght red luminous discharge charactcnstic of neon takes place m the tube. 
If one uses a carefully eracuated bulb into wluch a few drops of meremy hare 
been distilled and the coil L conpot of three or four turns of hciTy copper 
wire wrapped around the center of dm bulb, a brilliant discharge m the form 
of a nng occurs if the bulb a wanned to a suitable temperature 

A ftrikmg contrast to the mercury discharge a provided by usmg a bulb into 
which a Ltde jodine has been dtstillccL If the vapor pressure of the wdme a 
regulated by having attached to the bulb a side tube unmersed m ice and water 
one obtains a brilliant greenah-pinfc nag dachargo when the gap AB a a few 
millimeten wide, and a less bnght yellow nng for a much shorter gap 

j These luminous dachixges provide evi- 

dence of the rapid high frequency cuntnts 
in the f*'”! In Rapadly changing currcnti 
mean equally rapidly changing magnetic 
£elds in the neighborhood of the coil But, 
whenever a magnetic field a changing, there 
a an induced E MT whose magnitude a 




£ 


-Vt 


Fia 181 An amnsBinent sometirTKi greater the greater the rate of change of 
oacd oofl type of dUtfacmiy ^ field. Hence, m the region near the 


cod or withm a gas or a vapor contained m a tube placed within the coil, 
there exists an mduced E.MJ^ suffiaendy great to cause a current m the gas, 
a current which a made evident by the luminosity 


192. Diathermy with Damped Oscillations. — In medicme one 
of the commonest loes of high frequency currents a to develop heat m tasne, 
as B done m dtMthtrmj 

In one simple arrangement, electrodes E and j?, Fig 181 arc attached 
by means of conductors to pomts M and hf m the cod carrying the currents 
The electrodes are rrnilft of pliable metaihe material which are frequently 
enclosed m a rubber casing In use, the electrodes fit tigbtiy against a 
protecting layer of woolen material in contact with the tkm of the patient. 
With an airangcment beat b developed m the dsaue which provides the 
conducting path be tw e en the electrode^ a se n sa&on of warmth being all that 
a felt by the patient. By making one of the electrodes of small area, rt » 
possible to concentrate the beat locally 

In diathermy with damped oscaiations, the mtentrty of the treatment can 
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be controlled bj altering the length of the *park gap The ihorter the gap 
the imallcr V the potential difference between the condenser plates, when a 
ipark takca place. Since Q the charge stored in the condenser is equal to 
CV It followa that the quantity of elcctnaty taking part m discharge and 
hence the aTerige value of the current, ts lea, the imallcr the gap 

Sometimes instead of attaching electrode* dircetjy to two pomts on the 
oidllatmg orcuit, a tecondary circuit is coufl*^ with the primary osnTaang 
circuit, somewhat as ihown m Fig 182 Due to the coupling of the coils 
L and L currenta are induced m the circuit L C EEy the frequency of the 
induced clectromotiTe force being the same as that of the osdllatxms m the 
primary The intensity of the currents induced in the secondary circuit 
depends to a marked degree on whether or not the circuit L^C EE b tuntd 
or m rttonsiu* with the primary orcuit. 
regular periodic impulses are applied to a 
lyttem capable of oadUating the osdQa 
nons set up are of very high amplitude if 
the period of the unpulses t* the same as 
the natural penod of the osdllating sys- 
tem When this ts the case the tyuttn 
ts vibracag or osdUaung in resonance with 
the external periodic unpulses. Theoadl 
latmg currents induced in the orcuit 
L\C EE have frior greatest intensity 
then when the natural penod of this 
arcurt is the same as that of the primary 
circuit. Since thu natural penod depends on the capaoty (and the inductance) 

tuning to resonance ts conicnjentlj accomplished by making Ci a variable 
condenser To measure the mteimty of the high frequency currents, as w^ 
as to indicate when resonance has been obtained an ammeter ji may be placed 
m the orcuit. 

193 Secondary Tesla Circuit. — The arrangement shown m Fig 179 
is sometimes called the pnxnir^ TcaU orcuit m honor of Tesla, one of the 
psoncCT woricn with high frequency currents. When high loltagc a* well 
11 hgh (requtney a wanted i Kcondary ToJi aremt o added. A common 
irraiigcmcnt conjoo m coupling with the pnmajy coil £ a loicnoidal cod £i 
of man) tunu of fine wire ai m Fig 183 If one end of L, a grounded, 
iparb lereral centlmeteri long will Jump from the other end to . grounded 
conductor Became of the high frequency of the curreno, one mar ufelr 
allow the tparfcl to jump to one i hand, or better to a piece of metal held 


The student will recall that when 



Fro. 192. A ifisthcnsf UTaa^aacat 
wtxh Q*e» a Kcoodsrr dretut onpled 
aritfa the pnaiarjr Tesla. 
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Uong such a arant, one can show some itrikmg expcnmeat* winch 
d emon strate indirectly the existence of high frequency currents m the cod L. 
For exa m ple, if a tube containing the gas neon at low pressure b brought near 
thu coil, or indeed, placed near almost any part of the osdUating orcurt, the 
bright red luminous discharge characttnstM: of neon takes place m the tube. 
If one uses a carefully evacuated bulb into which a few drops of memiiy hare 
been distilled and the cofl L coosista of three or four turns of heavy copper 
wire wrapped around the center of this bulb, a brilliant discharge m the form 
of a nng occurs if the bulb is warmed to a suitable temperature 

A strihng contrast to the mercury discharge b provided by using a bulb into 
wlucb a little Kxlme has been disdllcd. If the vapor pressure of the iodine a 
regulated by having attached to the bulb a sde tube munened m ice and water 
one obtains a brilliant grecnah-pmk nng discharge when the gap JB a a few 
millimeters wide and a lea bnght yellow nng for a much shorter gap. 

These luminous discharges provide evi- 
dence of the rapad high frequency aurenti 
"TSc in the coil L Rapidly changing currentt 
mean equally rapidly changing magnettc 
fields m ic neighborhood of the cniL But, 
whenever a magnetic field b changing, there 
B an induced E M J whose magnrtude a 
Fio. 181 An amngaoeat greater the greater the rate of change of 

(Bed In ooc type of <fiatbermT ^ u l - 

tile field. Hence, m the region near the 

cad, or within a gas or a v ap or contained m a tube placed within the coil, 
there exists an mduced EJCI Ji* sufficiently great to cause a current m the gas, 
a current which b made endent by the luminosity 

192. Diathermy with Damped OsoIlationB. — In medicine one 
of the commonest uses of high frequency currents b to develop heat in tniue, 
as B done m iUthsrmj 

In one simple arrangement, electrodes B and By Fig 181 arc attached 
by means of conductors to points M and N m the cod carrying the currents 
The electrodes are made of phahic metalLc material which are frequently 
enclosed m a rubber casing In use, the clectrodei fit Oghtly against a 
protecting h^er of woolen material m contact with the skm of the pattent. 
With pvh an arrangement heat is derdoped m the tasuc which provides the 
conductmg path be tw e en the electrodes, a sensation of w ar mth bang all that 
B felt by the padent. By making one of the electrodes of small area, it h 
possMe to concentrate the heat locally 

In diathermy with damped oscfllatiom, the intensity of the treatment can 
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mcsns of the bittciy 3) and to ejaatme the varabon of the current to the 
plite when the gnd potential a gnren a sene* of Tiluei, both poatrve and 
negatiTe, The graph of Fig 185 thowi the general nature of the result 
obtained when such an experiment is earned ouL Note the following 

(1) For negative potentials greater than OA there is no plate current. 
The actual value of OA is considcraUj less than the plate potential. For 
example, in a tube exammed in a laboratory class by a student, hsr a plate 
potential of -1‘70 volts, OA was — 22 voltx 

(2) The mam portion of the curve ta almost linear m some tubes exactly 
to m others somewhat curved. Thu u the important part of the curve 
because normally the potential of the gnd or its bus is such that the tube is 
operated on tha porOon of the curve 

(3) Saturation can be obtained, as m the diode, but it retjmres a fairly 
high posmve gnd voltage, and in using a mode as an oscillator (or a detector) 
It must be avoided. In ooakmg characteristic curves similar to that of Fig 
185 It IS really not aecesury to extend the graph to tha stage. 

(4) By usmg a sena of different plate voluges, a correspondmg senes of 
chi fact emac curves can be obtained From an exanunibon of these curves, 


the Teiy nnportant fact emerges that a small 

change lu gnd potential may bnng about the 

tame change m plate current as a much / 

larger change m plate voltage For ex- / 

ample, m the case of the tube mentioned m / 

(1) above, the student found that, with 

constant gnd potential, a change of 30 volts y q 

m plate potential caused a change of 21 ma. glB B i 

m the plate current, but, at constant plato 

potential, a change of only 8.25 volts on the r 

, L L * . conxat la a triodc 

gna orougnt about the same change in plate vilre wlm ranabie and «tv 1 coo- 
current* In other words, because of its «“tpl*tepotiaitula. 


proimuty to the filament, the gnd exerc is es a powerful control over the plato 
current Its neameii to the filament makes it extremely effioent m attracting 
or repelling electrons, whereas rts open mesh nature allows most of the electrons 
to pass through and reach the plate 

because of the almost negligible inertia of electrons, this gnd control has 


Tcry important consequence // for *ity rttson th* foioniud of th* gnd 


* Ffocn tic raao or 2 J wc obtain wEat b called tie tmfUfiCtitcH fmOnr 
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tightly m the hand * In the etjmpmcnt frequently wd, L n * nng or ihort 
iolenoKl of a few tumi of heavy wire, and Xi « placed made L 

In fulgtmition, by attaching a flexible conductor to the jccondaiy cod, 
such sparks may be directed and used m locaLzed treatment 

194 The Triode Valve, — In order to gne even the pTpp 1> ^ rrplmt 
tion o{ how undamped high frequency currents arc obtained, it a neceeary to 
amplify somewhat the work previously given regarding the passage of clectrom 
from a hot fllament across an evacuated tube. The student a to recall 
the graphs given in Fig 53 and Fig 76 whxi show the way m which the 
current across a hot filament x ray tube or rectifying valve vanes with 
the apphed voltage, at constant filament temperature. This type of curve 



applies to any dcoda valve, that m, a highly exhausted tube with filament sod 
anode. 

In the irtcuU valve, m addition to the filam ent which liberates electrons 
when heated, and the plate or anode a grui coostitmes a third element. In 
the valve dagrains appearing in Fig*. 184 186 and 187 the gnd b repre 
sented the central wavy hne but actually it b a spiral of fine wire, or a 
wire mesh m proximity to the filament. The anode or plate more or 
lc« surrounds the gnd. To demonstrate the function of the gnd, a circuit 
such as that illustrated m F7g 1 84 may be used. With this arrangement by 
varying the pontion of the contact P the potential of the gnd with respect to 
Pi and hence with respect to the filament can be made other posravc or neg* 
tjve. It IS then to maintain the plate at a co n s tan t potential (by 

• It ti not woe to do tlil* wbeo nilaff ilic imdimped high freqoeocy cnrrenti docribed 
tn sccrion 195 
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conipen»tion for ohmic and other losses m the circuit so that the ij^tem behaves 
as if It potsesscd zero reastancc, and an oscillation once itarted m it, persists. 
(Appleton ) 

Bj this principle of retroaction coniuautus undamped oscillations arc mam 
tamed. In actual practice there are manj different arcmts cmplojing this 
pnnople in one way or another Figure 187 for example shows the con 
nections for a Hartley oscfllatmg arcuit one which has been extensively used 
Figure 188 a a somewhat am plified diagram of the circuit used m a com 
mcrctal “short waie oscillator made by Siemens-Rcinigcr Werke, which 
a especially designed for uk m high frequency therapy 



19fi. Diathermy with Undamped Oscillations. — Valre arcmts are 
now used m much of the modem high frequency equipment m hospitals. In 
the inductotherm of the General Electnc X Ray Corporatxin for example, 
a Valve oscillator operating at a frequency of 12 milhon c}cles per second is 
'^**d. High frequency currents are passed through an insulated flexible 
cable which maj be wound around or placed upon various parts of the body 
T?ie tissue m the immediate neighborhood of the cable la then heated as a 
result of induced currents. 

In surgical diathermy also valve arcuits are of great importance Lab- 
oratory workers who play with high frequency currents of the continuous 
t)T>e loon find out that if the hand or any other part of the body touches the 
oscillating arcint, there a a shght spark accompanied by a bum at the qiot 
where the spark strikes the flesh. Tho bum a made evident not only by 
die unpleasant sensation but also by a smell of seared tasuc. B) having a 
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roptdlj oscSlaUs ahvos tnd b4ow « vtUu fiuctusUotu of th* wns 

frcqimuj ivtU occur m th* flaU arcuxt, 

195 Generation of Undamped Oscillations. — Suppose a oremt b 
arranged as in Fig 186 It will be noticed that the loop AZC contains an 
inductance and a capaatj, and consequently, if the resistance is low has 

a lutural frequency of electncal osdllatioas given by /= 2t\/ £ ^ 

any reason a movement of charges n started m such a orcurt and, m conse- 
quence, a small charge is given to the condenser this loop should osdllate with 
this frequency If such a orcurt were an 
independent, separate unit, and not part of 
an arrangement like Fig 186, these oedlla 
Oons would be very feeble and would rapidly 
die out after the manner shown m Fig 177 
In Fig 186 however, one »dc of the con 
denser of thu oscillating orcurt is joined to 
the gnd of a tnode. If therefore, os oTl a 
tions are started m the loop RLC (and even 
the closmg of a switch can cause an uuttsl 
electrical distiirbance) the potential of the 
gnd win change with the frequency of the 
oscillations. These rapid changes in gnd 
potential cause equally rapid changes m the plate orcuit and therefore in the 
coil La inserted m this oremt 

If, now the coil La o placed near the coil L^ that is, o ccufUd^ with rt, 
electromotive forces of the same fre 
qaency as the frequency of the plate cur 
rent changes arc mduced in L These 
electromotrre forces (if the coils arc 
imtably wound with reflect to each 
other) reinforce the oscillations ongmally 
started in the oremt RLC The rein- 
forced oscillatjons cause greater potential 
changes in the gnd hence changes of 
gi eater magnitude in the plate current, 
hence induced electromoOTc forces of 
stiH greater mtensty m the onguial oscillating orcurt. There a, therefore, a 
cumuladTc effect which results m the maintenance of contmuoui oscillaboni. 

“ It » posdhle to increase the effect of this mduction sufficiently to make fuH 


J-OWOW’ — 
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periutpt giTc lomc help. From whAt has been stated aboTe it follows that 
(1) tt any giTcn point m space as tune goes on the clcctnc field and the 
ntwmtrd magnetic must change then- directwn with a frequency which b 
the same as that of the original oscillating circuit and (2) at any giTen instant, 
pl a ces where the electnc field (or the magnetic) is m one direction must 
ilttmate with other places where this field b m the opposrte direction In 
other words, there b the periodicity m time and in space which characterizes 
a wave motion. 

Since the velocity of electromagnetic waves B 3 X 10“ cm per sec. the 
wave length corresponding to a frequency of a milhon cycles per second a 
, 3 X 10“ ^ 

equal to — — or 3 X 10* cm. or 300 meten. This is within the range 

of wave lengths used m the ordinary broadcasang band. Much shorter wave 
lengths and hence much higher frcqucnacs are used in the short wave oscilla 
hons found m boipitaJj. In the oedUator to which Fig 188 applies, for 
**aople, the wave length of the emitted radiation » 6 meters. Actually, aa 
■we hive already indicated m Table XVIII the range of wave lengths gen 
ented by purely cicctncal means extends from those miles m length to others 
thortir than a mlUuneter 

A«DCttted with these are the other raduoons which hate been discussed in 
some detail m this book. Infrared, vishle light, ultraviolet, x ra)'S and gamma 
rays all belong to the big famfly of electromagnebc waves. Differing widely 
in thar properties, fundamentally they arc all periodic electnc and magnetic 
thtturbinces which travel m free space at the same velocity The universe it 
would appear » alive with radiation which both give* and destrojr* life. 



244 


HIGH FREQUENCY CURRENTS 


metilllc electrode gujtailj^ connected with the high frequency circuit, mrgial 
use can be made of such bums in cautennng and m coagulating tasuc. In 
urology, for ex a m ple, high frequency electrodes, themselves comparacrely 
cool are regularly used m surgKal treatment. 

197 The Generation of Electric Waves.' — From ha elementary 
work m physics the student will recall that, if a particle at the end of a line of 
elastically connected particles ts made to oscillate a wave disturbance mores 
along the Ime In general, wares spread out from a vibrating source in any 
medmm m which the parbdes are so connected that a daplacement of a 
particle disturbs its neighbor Moreover, A the wave length / the frequency 
of the oscillatmg source, and v the velocity of the wave daturbance arc 
connected by the fundamental wave equation 

o=/X 



Consider now the rapid high frequency currents which take place m a coil 
such as Fig 183 When a current flows m a wire, it » surrounded by 
a magnetic field, the direcoon of the magnetic lines depending on the (hrecooa 
of the current The osdllating currents m the coil A, therefore, grre nse 
to an oscQlating magnetic field about the cofl But, whenever we hare a 
varying magnetic field, an mduced E MJF results. The rapidly changing 
magnetic field, therefore, gives nse to a changing E MT* of the same fre- 
quency Now Maxwell, the English physiast who was the real founder of 
wirelcM telegraphy postulated that, even m a vacuum, such an EJUT* causes 
currents which he named ditflacsmsnt c urren ts. According to Maxwell » 
ideas, these diqilaccment currents hare a magnetic field associated with them 
Just in™ ordinary conduction currents m a wire. The varying magnetic 
field due to the di^Iaccmcnt currents then gives nic to new mduced EJ^T { 
these, m thejr turn, cause more diqilacemcnt currents, and so the process 
continues with the result that an electromagnetic daturbance » propagated 
from the original region of oscIUting currenta. All tha Maxwell pat into 
mathematical equatwni by means of which he predicted that the veloay of 
the electromagnetic daturbance in free q»ce should be the tame as that of 
ordinary hght, that a, about 3 X 10“ cm. per tec. 

Experimental verification of the truth of Maxwell t prediction was given 
in 1887 by Hertx, who showed that eleeme waves were generated by an 
oscillatmg aremt of the kmd thown m Fig 179 that these waves had many 
of the properocf of hght waves and traveled with the tame ipeed. It a not 
easy to form a picture of electromagnetic waves, but the following ideas wiU 
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pohap* giTC some help From what has been stated aboTc it fellows thjt 
(1) It tnjf given point m space, as time goes on the clectnc field and the 
UBoaited magnetic must change their direction with a frequency which b 
the same u that of the ongmal osaRating circuit and (2) at any given instant, 
place* where the clectnc field (or the magnetic) is m one direction must 
iltenutfi with other places where this field b m the 05 Jpo*ite dirccnom In 
other word*, there b the pcnodiaty m time and in space which characterizes 
a wave motiom 

Since the vcloaty of clectromagncdc waves b 3 X 10'® cm per sec. the 
wave length corre^nding to a frequency of a million cycles per second b 
, 3 X 10* 

® jqI; or 3 X 10* cm* or 300 meters. Tins b within the range 

of wave lengths used m the ordinary broadcasting band- Much shorter wave 
lengths and hence much higher frequenaes are used m the ihort wave oscilla 
tioni found in hospitals. In the oedHator to which Fig 188 applies, for 
ettttiple, the wave length of the emitted raduoon o 6 meters. Actually as 
^ have already indicated m Tible XVIII the range of wave lengths gen 
tfWed by purely electncil means extends from those miles in length to others 
shorter than a millimeter 

Asiooated with these are the other rmduooni which have been discussed m 
some detail m thu book- Infrared vBible bght, ultraviolet, x rays and gamma 
r*y» all belong to the big family of electromagnetic waves. Differing widely 
m their p rope rocs, fundament^y the> are all periodic clectnc and magnetic 
“Wurbances which travel m free qiacc at the same vcloaty The univtrse it 
appear, a alive with radiation which both gj\ es and destroji bfe. 
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metallic electrode surtahly connected with the high frequency oremt, jurgiol 
uie can be made of such bums in cautenTsng and in coagulating tissue. In 
urology, for exam ple, high frequency electrodes, themselves compiratrrely 
cool, are regularly used m surgical treatment, 

197 The Generation of Ellectnc Waves. — From ha elementary 
work m pbysKs the student will recall that, if a pamcle at the end of a lin e of 
e l asti c ally connected particles n made to oscillate, a wave disturbance mores 
along the Lne In general wares spread out from a vibratmg source m any 
medium m which the particles are so connected that a displacement of a 
partidc daturbi its neighbor Moreover X the ware length, / the frequency 
of the oedllatmg source, and v the velooty of the wave distiirbance are 
connected by the fundamental ware equation 

o=/X 



Conrider now the rapid high frequency currents which take place m a cod 
such as Li, Fig 183 When a current flows in a wire, it is surrounded by 
a magnetic field, the direction of the magnetic lin» depending on the directxin 
of the currenL The oscillatmg currents m the coil therefore, give me 
to an twallating magnetic field about the coiL But, whenerer we hare a 
raiying magnetic field, an mduced EJHJ!' results. The rapidly changing 
magnetic field therefore grres nse to a changing E MJ* of the same fre- 
quency Now Maxwell, the Enj^ish physast who wai the real founder of 
wireless telegraphy postulated that, even m a vacuum, such an E causes 
currents which he named JisfUcamsnt coirents. According to MaiwcD s 
ideas, these di^Iacement currents hare a magnetic field associated with them 
just lie ordinary conduction currents in a wire. The varying magnetic 
field due to the displacement currents then grres nse to new mduced E JtU { 
these, m thejr turn, cause more dnplacetnent currents, and so the procas 
contmucs with the result that an electromagnetic disturbance a propagated 
from the ongmal region of osdilatmg currents. All this Maxwell put mto 
mathematical equations by means of which he predicted that the reloaty of 
the electromagnetic disturbance in free qiace s^uld be the same as that of 
ordinary hght, that a, about 3 X 10" cm. per sec. 

Experimental vcnficatxm of the truth of Maxwell s prediction was gircn 
m 1887 by Hertx, who showed that electric waves were generated by an 
oscillating ememt of the kind shown m Fig 1 79 that these wares had many 
of the properties of hght wares and trarelcd with the same speed. It a not 
casj to form a picture of electromagnetic wares, but the following ideas will 
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1 CDolofflb 
SOOTolts 
1 

1 imcro£&nd 
1 tag i cropi 
1 n u qon 
1 mfH.rmaca 
1 X onic 
1 clectruwTQlt 

1 dectraik oalt of dur|e ^ 

duiy oa dectroa 

»»* of eJectroa 

nua of c hfdro^ea atom 

nua of an ekctron 

charge earned by 1.00) gm. of hydrog en 
Planck’a coonant (A) 

•borttat ware length 


3 X 10* (tattoolomba 
1 itacvoJt 
9 X 10“ attcfarada 
9 X 10* lutfanda 
ICr^an. 

10^ nun. 

lO"* BID. 

10^ angttram 
UX 10 -**erg 
1 60 X 10-1* cookob 
4.80 X 10^ intnwilnmb 


1 77 X 10* CTO lamb per gram 

I66X 10-«gram 

9j 09 X lCr» gram 

96490 coulomb 

6.56 X 10-«eigX*tc. 

12354 

^ ajjgjtrojnj 

nTnmirm TOltagB 
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1 cDulocnb 
XDtoIo 
1 find 
1 n uao ftrtd 
1 anfnrcxn 
1 mJcrcm 

1 mTTjj mirrpn 

I Z out 
1 dectroa*Tcl( 

1 de coom c amt of dufge | 

charge on clectroa 
o( ek c croa 

m«ni o( hjdragen tm 
mm— of &a (dee ti oa 

charge earned by 1 OOS pn. of hydrogea 
Plao^ a CDoataat (i) 
ahortat var* length 


3 X 10* itatOMlcaabi 
1 atamJt 
9 X 10*^ aatfarads 
9 X 10* amivads 
IO-*an. 

10 ^ 

I0-»min. 

10^ angatjwn 
1 6 X 10-« ei 
1 60 X 10*“ nxrlmb 
4.80 X 10~* aatcoolocah 


I 77 X 10* cDolotab per gram 
1.66 X lO"** grani 
9 j 09 X l0-» gram 
96490 cDolomb 
6-56 X 10-** erg X aec. 

123S4 

mmm nm roltagS 
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TaJLC yX - X llI — ATOKIQ KUiaUUy ATOiCO WEIUUl* AJD mmT.i; DOTOPXS 


Element 

Symbol 

Atomic 

Number 

Atocmc 

Weight 

Mam Number 
o/Iaotnpei 

Hjdrogen 1 

H 

I 

1 oosc 

1 1 2.3 

Du ten am j 

D 

1 

3 0147 


H^itm 

He 

2 

4 003 

3,-t 

Lithium 

U 

3 

6 940 

6,7 

Baylfium 

Be 

4 

9 02 

9 

Borm 

B 

5 

10 82 

10 11 

CuboQ 

C 

6 

12 010 

12, 13 

Nitrogen 

N 

7 

14 OOS 

14 15 

Oiygcn 

0 

8 

16 0000 

16, 17 18 

Floonoe 

F 

9 

19 00 

19 

Neon 

Ne 

10 

20 183 

20 21 22 

Sodiam 

Nt 

11 

22 997 

23 

Xfigiw Jnm 

Mg 

11 

24 32 

24,25 26 

Alnmuuua 

A1 

13 

26 97 

27 

fiinmn 

SI 

14 

28 06 

28,29 30 

Photphom 

P 

15 

30 98 

31 

Suiphxir 

Chmnne 

s 

a 

16 

17 

32 06 

35 457 

32,33 34 36 

35 37 

Argcm 

A 

18 

39 944 

36,38,40 

PotuBom 

K 

19 

39 096 

39 40 41 

Calaum 

Ca 

10 

40 08 


■*?<•!» r>H I rrm 

Se 

31 

45 10 

45 

Tltinlnm 

-n 

22 

47 90 

46, 47 48, 49 SO 

VimuSnm 

V 

23 

50 95 

51 

fThiinii'irrm 

Cr 

24 

52 01 

SO 52,53,54 

Manga rww 

Mn 

15 

54 93 

55 

IlOQ 

Fc 

26 

55 85 

54,56,57 SI 

Cobalt 

Co 

27 

58 94 

57 59 

Nkki^ 

Ni 

28 

1 58 69 ' 

58 60,61 62,64 


Co 

29 

63 57 

63,65 

Zloc 

Zn 

30 

65 38 

64,66,67 68,70 

GtlHum 

Ga 

31 

69 72 

69 71 

GermAmom 

Gfl 

32 

72 60 

70, 72, 73, 74, 76 

Anenlc 

Aa 

33 

74 91 

75 

Sdenhim 

Se 

34 

78 96 

74, 76, 77 78 10, 82 

Brocnioe 

Br 

35 

79 916 

79 81 

Kryptoo 

Kr 

36 

83 7 

71,80 82,83 

Rohtdhmi 

Rb 

37 

85 48 

85 87 

Strontium 

Sr 

38 

87 63 

84, 86, 87 8 3 

1 tmum 

Y 

39 

88 92 

89 

Zirconium 

Zr 

40 

91 22 

90,91 92,94 96 


Cb 

41 


93 


Mo 

43 

95 95 

92.94,95 96,97 98 100 


Ru 

44 

101 7 

96, 98 99 100, 101 102, 104 


Rb 

45 

102 91 

101 103 

F«llju£am 

Pd 

46 

106 7 

102, 104, 105 106, 101 no 

SHrer 
f' aitmtarH 


47 

48 

107 880 

112 41 

107 109 

106, lOS no, 111 111, 113, 

1 


. 

114, 116 
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Bcoieat 

Symbol 

Atomic 

Numbtf 

Atomic 

Weight 

Mm Number 
of Ijotopa 

IrwfitTm 


49 

114 76 

113 115 

Tin 

So 

1 ^ 

118 70 

112, 114, 115 116, 117 118 
119 120 122, 124 

Antimruiy 

Sb 

^ 51 

121 76 

121 123 

TdWum 

Te 

51 

127 61 

120 122, 123, 124, 125 126, 
128, 130 

lofise 

I 

53 

126 92 

127 

w. 

X« 

54 

U1 3 

124 126 118 129 130 131 
132, 134 136 

CagArm 

C4 

1 

132 91 

133 

Bamiffl 

Ba 

56 

137 36 

130 132,134,135 136,137 138 

Luthannm 

u 

57 

138 92 

139 

CcQam 

I Co 

5« 

140 13 

136 138,140 142 

PriKoiljinium 

1 Pr 

59 

140 92 1 

141 

Need pm am 

Nd 

60 

144 27 1 

142, 143, 144. 145 146,148,150 

Senuntan 

Sm 

62 

150 43 1 

144 147 148 149 150 152,154 

Eorapoa 

GadCBmrrm 

£u 

63 

152 0 

151 153 

Gd 

64 

156 9 

152,154 155 156,157 158.160 

Tertiam 

Tb 1 

65 

159 2 

159 

DppiuuTim 

Dy 1 

66 

162 46 

158 160 161 162,163,164 


Ho ; 

67 

163 5 

165 

ExUam 

Er 1 

69 

167 2 

162,164 166,167 168 170 

itariitmi 

Tm 1 

69 

169 4 

169 

Hatn^rym 

Hi 

72 

178 6 

174, 176 177 178,179 180 

Tintilnai 

T* 1 

73 

180 88 

188 

Tungnea 

w 

74 

183 92 

' 180,182,183,184,186 

Rlierdanu 

Re 

75 

186 31 

185 187 

Omlom 

CW 

76 

190 2 

184,186 187 188 189 190 192 

IfuJIiim 

Ir 

77 

193 1 

191 193 

Plaunmn 

Pt 

78 

195 23 

192,194,195 196,198 


Aa 

79 

197 2 

197 

^lemnT 

Hg 

80 

200 61 

196,198,199 200,201 202,204 

1 htrUrrm 

TL 

61 1 

204 39 

203,205 


Pb 

12 

207 21 

204,206 207 208 

Bumiuli 


to 

209 00 

' 209 
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PROBLEMS AND EXAMINATION QUESTIONS 

1 Deacribe a crnple eiperiineDt to JTInafra ta tba diScnace brt wr ca lq roduc&x 
■juJ DoniDduclive arcniL 

2 Dcjcribe with refcmice to a umplc cipenmait the meuun^ of the tmiMctMMCt 
of a circiuL What effect haa a high lodoctancc when a direct Tolta^ li applied? 

3 When 1 1 0 volt* D C. are applied to the terminali of an electromagnet, the cur 
rent h 2J amp v whereai when 1 10 volts A.C. are applied the current is otJy 0 t atop. 
Explain dearly the reason for the diffeienco. 

4 An electromagnet has a resistance of 30 obmi and a reactance of 40 ohms (for 
A,C. of 60 cycles per sec.) Find (I) the Impedsnce of the electroDUgoct, (ii) the 
inductance in Kf-nr-ifn 

5 DntingitUh be t we en and reslstajice. 

5 When 60 cycles per sec A.C. a osed the Impedance of a coQ f$ found to be 40 
ohms. If the redstuce of this coH Is 10 ohms, find its inductance in bennet. 

7 The reactance of a coll when used with 60 cycles per sec. A.C Is 50 "hm*, find 
its indoctancB. 

t What mformadoo should be given about the ootpot of a transforoicr for z ny 
work? 

9 In a step-np truaformer the secondary has 1000 thnes u many tnas as the 
primary When 10 mUHamperes are delivered at 100 000 volts, what Is the cureot 
in the primary dremti (Asnme the transfonner 100 per cent effioent.) 

10 What w the fpeoal feature about a syndmooa motor? 

1 1 What is a recofying disc and bow » it taed? Ulrntrate yoor annrer by a dit 
gram or diagram*. 

12 By means of a diagram show how the current m the pneoary of a good indoctinn 
CT>n vanes with the time. Hence, caplain the relative magnitude of the EJdJF induced 
in the secondary on make as coenpared with break. 

13 DcKiibe, with simple diagrams, the two chief ways of com trolling the voltage 
applied to an x-ray tube. 

14 Make diagrams illoftrating the cootrol of voltage applied to an x ray tsbe, (i) by 
rheoctat, (li) by aototiansfonncr Explain also wby the iheoetat acts as a kmd of 
safety valve when a ■ short ” devdope In the tube circuit. 

15 How is the voltage acrow an x ny tube controlled? Make diagrams to illo*' 
trate two iijelhoda 

16 How a the voltage aenna an x ny tube measured? Describe several means. 

17 (I) wby a voltmeter acro« the primary of an i ny transformer can be 
(and oftCT a) marked to read seroodiry kilovoltai (u) the obJectioQ to this practice. 

IS ETp^»bi fully the meaning of th* foDowing portion of a table placed oi'cr the 
control board of an x-ray transformer 


Primary 

VoJtagB 

Autotraosfinner 

BottDQ 

Tobe Voltage 



10 ma. 30 ma. 

80 

3 

77 kr 

72 kr 

90 

8 

U kr 

83 kr 


HcDC* out the objection to a prereading kllovoltmctcr 
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19 I» ilr at atmcnpEenc prewurc a conductor of clectnofy? Docribe ktctiI way* 

m wticb air may bo coadoctiag 

20 Detcribo ^ Tanauooj ia the cooductirhy of a tube with electrodo, ai the au* u 
ftadaaQy remorcd, the elcctroda bung coonacted to high voltage tcnrunak. 

21 What are locu, electroof, cathode nya) 

22 Deacfibc how the voltage acro« a lobe (ongmaUy cootamisg air at atmocphenc 
ptesore) rana at the air it fradoalty exhautted^ If the tube it carrying a corrent. 

25 Describe the praperttct of cathode imja with refacnce to niltable uperlmema to 
fllortiatt thete properties 

24 What it iticant by the ttemic of an elooentf 

2i ( ) Explain with the aid of diagnmu, a method of genentinf (i) a narrow 
beam of cathode ray<| (u) a oarrow beam of poobre nyi| and (Hi) a beam of thcr 
micmic dectroos 

(A) Indicate how pondve rayi can bo oted to compare atomic weights 

26 Compare the hot filament x ray tobe with the gat a lay tuba with i csp ccl to 
(1) dagree of vacaaoL, (u) origin of electron*, (uJ) cootxol of curroiL 

27 What It the rhiaf advantage of a line focot vtr a areolar focal ipot who*e 
dnmeter u equal to the width of the 1 oe? 

21 ^Vhat methodt are oaed to keep the target of an x ny robe cooU Why U thu 
dcauablel 

29 What are two featore* of the oietallx XM^y rebel 

30 Describe very bnefiy three meaw which are otflrred for keeping down the 
poatbre of the orget of a tobs 

31 DUcoa the bUckoiiog f a gu tube with Kfercace to t* caoees »nd the 
of lemung it 

33 Db^ the rcUaon of the «lie of the focal tpot to (a) the power which may 
be itippUed a tube, (*) the character of the radiogrepht takfp, (c) the quettion of 
treatment. 

33 Why should a target be f high tonuc weight? 

34 Whin a hot filament tube t> m good coodmim and lOD ODD Tolt* applied 
aero* It* terminal*, the filament orcuit not on which ihouLj the miUumpere meter 
read? If in soch a caie glow were obaerved In the bulb, what amcluaioii would too 
draw? 


35 What 1 * meant by saturation tube current? 

3tf What effect ha* incrtanug the voluge acme* a hot fiUmoit tube on thn tube 
current? What effect In the ca*e of a ga* tube? 



39 3Vhat are the special feature* of the Ououl therapy tube? 

.0 Wlul o tl» ipaiil >d uiup or .dvuiuta of tho otumo uK>d. tab.! 

.1 > dlo,™, to nloar.1. tic pnoapU of . KibiUtB- br ntooi of . 

hot fiUmcot tobc conont mtf bt kept coonant. ^ * 


42 A slight mcrea** in the voltage ppbed to 
change the tobe curreut, wbereu a slight change 
marked change in the tube current. Explain tha 


• C^dp tolo to Joo not 

in tha fi l i rti eot current may cauie a 
reasons 
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43 Mtke a follj liJi rlfd diignm of tlio eiectnal conaecriooi in an z nj tabe outfit 
which utilizes the followm^^ features (i) aototrusformer controlt (u) a four valve 
rtctifpDg amn^emcDt (the Graetz drcnlt)) (hi) a hot fiUment x raj tubej (It) a 
fil a men t current ammeter (for z raj tohe) { and (t) a mi'1HfnrTu»fgr m tube orcut. 

Indicate bj arrows the current path in the tube circuit doniij' one half-cjde. 

44 Szplam, with the aid of simple dia^ranu, the difference between sdf-nciific^ 

twn, wrijtcaiM*, and rtta^CMihn, 

45 Whj u a rectiffer dearahle in operating a standard universal Coolidge tube but 
not neccMurj for the radiator Coolidge tnho? 

4$ Under what cirrumstuces can a very high vacuum bo nude condoctuigf Describe 
the mode of condacdoa. 

47 Rzplahi bj means of a tlmple diagram, the ue of (1) a mechanical rectifier for 
high tension voltages, (il) a single valve hot filament l ec tifi er What li the difference 
in the nature of the tube currents for the two CMcsi 

4t With the aid of diagrams describe and ezplam a lecdfjlng circuit for an alter 
nadng high tensioa voltage | (i) using everj half -cycle, by means of a single valve and 
a condenseri and (u) using alternate half-cycles, but (approzimatcly) doubling the 
transformer voltage, 

49 A hot Cube, whose filament If heated by a step-down tTansfenner is 

operated by a high-teosioQ transformer with aatotraaiformer control arid with a VElard 
rectifying arrangemeat Make a complete dlsgraffi of the flinrimrsl systnu. 

50 A condeneer of opacity l/lO microfarad is charged to 200 000 volts. It then 

^ avengu current of 10 through an z ray tube for l/lOO second. Find 
tbe roltage acroai tbe coodenser at tbe end of this time. 

51 With the aid of two disgranu, one for each half -cycle, show how a co o dftiwT 
may be combiaed with a tingle rectifying valve and transformer to maintain an approx 
imately Weady voltage acrow an z-<ay tube. 

52 Make a diagram showing the coonecdoni when an x ray tuba is oper 

ated by a tramfocmer rectified by a Greinacher circuit. 

53 What effect has the sp eed of catbodo rap on tbe nature of the z ray beam origl- 
sating when the rap are stopped? 

54 Describe a dniple experiment to show that in general a beam of z rap cn osl s tt 
of a miztnre of hard and soft. 

55 Explain the purpose of an intentl^dng s cren j, as well as tbe pn n ople under 
lying Its use. 

55 Describe six proparties of z rays. 

57 Describe two appUcatiotii of the fioorcscxoce azoted by z-np in ladiolofy 

51 How would yoo tost an z ray ttern (mtkosi/ using a spectrometer method) to ** 
wbetber it b botnogeneous, or not? 

59 A bomogeDCoui beam of z-np has a penetzmtiog power soch that tbs half 
fthsoiptioa value of alominom Is 2 mm. How much will tbe intensity of su^ a beam 
be reduced by t mm. of aluminum? 

60 Tbe intensity of a filtered beam of x-np fa ezaxnloed bsfors and after passing 
through laprs of alominom 1 mm,, 2 and J nun. thick and f c a in ti o n values of JOO 
to 54 and 41,2 ore obtained. (I) Is this beam bomogcncoos and 1/ so, why? (U) 
What fa the H.VX.? 

51 what fa meant by H.VX. 
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62. Whxt n tha general effect of a filter on a beam of z-njij 
61 (II Deantbe fullT bote yon would photograpb the nllraeiolet and vuible ^ 
ttnm edited by any aoorce of bgbt. (n) Compare the n>ectmm yM woold obtain 
with a tmtbon arc and that from a qoani meicnry taper lamp, (m) If your aora 
of light wa, emltgbt, what wotdd be the ppmihnatelj ihortea ware length recorded 
(m uigarom.) (l) through an open window (l) through a dowd wmdow of ordinary 
gl.- In each caje erplam why no ihotter wave Icngthi are recorded. 

64 Deictibe wrth diagram the tpmnaoa method of mcaanting m anguromi the 

eouathuentwarelengthalnaheamoflmya Indicate oo what two quarmoe. the mag 

nk ryjp of the wiTt length depoMlSa 

ts A bam of * ny,, combtmff of both ga^ utd chiaOtri^ nyi, k naljiod 
wah ui lomatioD uid » ipectromrttr Indian the natuio of the gnph ^ 

wooU If » photocr»pl« method were latd whit rerola would pn obami 

CCe EipUIn why the Seemin fpectrogrmph an be laed ai i roltmeter 
67 An I i»T tnbe i. opemed on 150 000 volo. What u thi tboitat ware leufth 

61 If dn inilytu of in r-ay beam »howed the thomit wire Icnjlh to be 0 1 an^ 
wnxn tmiti, whit minmom volume li ipplwd to the robe? 

69 Why cut »4» * "T »P«tfom«er be uied m a Ufh teanon Toltmetcr? An *-fay 

tobe li osewed U » conrtant tolaje. Draw « roofh |npb to ffliatme the chw 
ter of the ap If d« rologe = 200 000 what will tho ihonot w»w 

leB(th be? 

70 What fa r rr""> by the effeetlw wate length of an x ray beam? Explain the 
ftmdameatal prioaple faTolred Ifl la dptenniiwtHin by meam of a Dtaae aandard 

7 1 Show by a jraph the <lfatribntion in Intourty of x rayi wuh ware length when 
a tube b operated at coo*tant potentlaL Indicate any difference* that yoo might expect 
if the operotlng voltage were changed from my 50 000 rola to 200 000 ■volti. 

72 Detcribe two way* of obeaming x-raye cbaractcrntlc of the matter from which 


they are emitted. 

7J A wry yew/rwtieg primary beam of x-ny* trerenes a layer of matter cootxining 
both ba 7 and light element*, and an otwerver whh miubla appararoi, tU 

pomible wcoeidaiy cmmioni from the matter In a directioo at nght angle* to the pomary 
Iwnwvvn Srtf , with brief expUnatwa*, what he otaerve*. 

74 P-wpTaln what Kattered x-ray* are, and duna* tlieir importance in radiography 

75 Dtftmgnfah b e t we en Kittered and charactermic floorocent recoodary x rayi. 

76. rVa:ribe an experiment to d e m o m &ate th exutence of Mcondary z nyi. 

77 Dc*cribe an eipenmcm to enable yon to find the rtlati -e intenuiie* of the prmury 
mad f the •ccondiry raja, at a gii’cn place in a medinm ttaTeiacd by a of 


71 Ditau* the impcftance f watteted raja in radiography and ihow how their 
hinnful effect* may be mlnlm ircd by th* w of a Bucky Diaphragm. 

79 Explain the eoojtrtxoico of a Potter Bodey Diaphragm. State why it fa B»ed and 
tmdtr what conditions 

to Abeam f i ray* tra arwa a layer f matter Dueuw what happen* to the beam. 
tl What fa meant by the cniica? a6l*r/r«o« tt*re i>wgx6 of an xbKubwg ubetanca? 
^Vhy fa a knowledge of iti laloe important in chootmg a ffJttr? 
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43 Mtkfl a folly labeled diactam of the electrical coonecdont la an x laj crot£t 
which ntiliift the foUowing^ featnrq (i) aatotrauformer controli (b) a focr Tilre 
rectifying arranffement (the Gracti drcait)| (ill) a hot filanrat i ray tnbe} (Ir) a 
fi l a men t enrrnit ammeter (for i ray tube) ) and (t) a mfllummffTi- m fnh? aremt. 

Tndicatn by airowt the corrent path in the tube circuit donny one half-cyde. 

44 Explain, with the aid of aiin^e dlaeranu, the difference b et wee n tdf-nctiii*- 

tioHy rM$icsUcn, and rtetsfiesuo*, 

45 Why ii a re ctifier fteairabla in opeiatiaf a itandard oniverml CooUdfe tube bot 
not neceaary for the radiator CooUdge tobcl 

46 Under what drcunutaocei «^n t very high vacuum be made condoctlnfl Dcnibe 
the mode of condoction. 

47 Explain by mram of a timpla diagram, the ne of (i) a mechanical rectifier for 
high tendon voltagei, (U) a aingle valve hot filament rectifier What it the diffeicuct 
in the nature of the tube currenti for the two cajcj? 

41 With the aid of diagranu deacribe and explain a rectifying aremt fox on alter 
nadng high tirrmon voltage) (J) odog every half-cycle, by meani of a nngle valve and 
a coedenaeT) and (U) odog half-cydca, but (approximately) doubling tbe 

tranaformer voltage. 

49 A hot filament tube whom ffUment It hmted by a itep>down trantfonser a 
operated by a hl^KentioB crantfarmer with autotrantfoxiner control and with a VUlard 
rectifying arrugement. Make a complete dtagram of the rlectrinl lyneiu. 

50 A cuodeoter of capaoty l/lO microfarad it charged to 200 000 volta It then 
matnf«hY« m avarago c or re nt of 10 ma. through an x ray tube for t/lOO iccocA Fbd 
the voltage acrom the cnndnTwr at the end of thlt rime. 

51 With the aid of two diagnmt, ooe for each half -cycle, ibow how a co od en t cr 
may be combined wtth a dogie rectifying valve and tjaatfonner to maintain an approx 
Imately Meady voltage acrow an x ray tube. 

52 Make a diagram thowing the cfutlil connectiocj when an x-ny tube it oper 
ated by a trantformer rectified by a Grehueber (drodt. 

53 What effect hat the speed of cathode rap on the nature of the x ray beam orlgW 
Dating when the tap are woppe d ? 

54 Deacribe a simple experiment to thow that in general a beam of x np c on s i^ 
of a mixture of hard and toft. 

55 Explain the purpom of an lotcutlfylng tcrces, u wcQ as the prindpla under 
lying it! ote 2 

5 6 Deacribe ex propertiei of x rayt, 

57 Deaolbe two appUcatiacu of the fioorcacoice excited by z rap in radiology 

51 How would you test an x ray beam (wdnfcoai/ rmng a i p ec tr ometer m et hod) to act 
whether it ta homogeneoua, or notl 

59 A h«nogeneoui beam of x np haa a pcnetntiiig power roch that the half 
ahaorptioo value of alomimim it 2 rnm- How much will the lotoolty of nch a beam 
be reduced by t mm. of alomlnum? 

60 The intemrty of a filtered beam of x rap la examirred before and after paating 
through layert of aluminum 1 mm., 2 and 3 mm thick and lociixatioo valuca of 100 
10 64 and 41 2 are obtahwd. (I) It tbla beam homogeneooa and if to, whyl (U) 
What u the H.VL.? 

61 what a meant by H.VX. 
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5 dirUacu per Kcoad. Wheo t cood ei at f a tttaefard to tho ImoUted rod of the dec 
troacope, and an x nj of eqoal intennty u uud h takes one hour for the leaf to 

25 cUvCauma. Find tKs capaaty of tlie coodesser 

96 Describe an expeniscot to diow tbat In deep tberapy scattered rajs may be the 
(MM of a greater intcnsitj at the place treated than the primary beam. 

97 The oatnral leak of an dec tr oscope of capadty 10 iCatfaradi a 0 3 dlvidoiu per 
minota. Find the natural leak, if the umiUted pUte of a ctifi denser of capacity 200 

Is to the Insulated system of tlu dectrosco pe, the outer case of the 

electroscope and the other jdate of the condeiMer being grounded. 

91 In a standard ioolxation chamber tons are driven to a collecting electrode frosn 
a volnoje of 10 c.C. The capacrty of the electrode and attached electrocieter i pteui Is 
100 statfaradi. If the Intensity of the a ray hcam Is 0 units per second, find the 
change of potential (in volts) of ths dectroacter system in 5 mmntea (l farad 
=s 9 X 10*^ statfarads.) 

99 Make a dragram ihovrlng how a ssnall lonlzatioc chamber can be used in coo* 
nectioa with an electroscope. lodicatt srfaat parts are insolattd and what groonded. 

100 Define ths roentgen and show with diagram, how by means of a standard lonixa 
bon ehamher the intensity of a beam in un ti per second msy be found. 

101 Explain what oo o s d tgtes a good phantom * for x rays in therapy and 
one taiahle wbcsoce. 

102 In deep therapy why is a filter alwap osed b etwe en the patient and the target 
of the tube! 

10) (a) An dectroscope b joined to the fagalated plate of an x ray standard paralld 
plate ioflinrion dumber (whom other plate is ground^) and the miniated sywgrn, -whoee 
capeory Is l/lOCO ttucrofarad, u charged oaefl its pocmial u 900 volts. (I) What is 
the total charge io coalomht oa the loaolated system? (U) A paralld twam of x rays 
passes between ths plates of the chamber and tons are driven to the msolated pl»»f from 
a volume of JO ex, if th Intensity of tie beam of x rays Is I roentgen per 
find how long it wHl take to discharge the electroscope (and pl^) 

1 microfarad = 900 000 ststfarads} JOO volts = ) statvolt} 

1 conlomb = 3 X 10* siatcoalomK 


104 In an ionlxabon chamber why most the voltage b et we en ths two dectrodm 
exceed a certain minlmom amount? 

lOJ A tom lo cm. bd w the sutfaco a treated under the followaig ■■^drt Ku a 
Port of entry =: 23 cm » VoUagB across tube =i 300 Kr j Tube cnircnt = 5 ma.> 
Fdter = 0 7J mm. Co + 1 mm. Al» Target-skin distanre =3 )0 cm.i Effective wave 
length = 0 IJ A.U , Percentage of turfseo InteojJty = ft) ptr cent. Disensi the Ia>- 
portancs of each 

lot. Dwcoss ths Importance of the else of the jxirt of entry fa otfag x njt for thsTapr 
107 Explain the mesning of "mnUcurle of radium emanation,** 

101 ^Vbat radiations are gi -en off from a tube of ladjum emanation endceed fa a 
tube f platfaum 0 5 mm. thick? 

109 If t a certain lime you were provided w ih 100 millienrles of radium 
Uon, bow much would you have after 4» ionra? 

no A radium satsM/i tube eent from h* w \ork to Kinnton had ■ / 

100 miUlcunes when It left Sew York. (1) What h It. rtrengJh wbea^nsed^^^ 
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tl EipUia wItH referoace to a »TiIt*bla gi»ph what U meant by crtUa} shsorfdoM 
What Importanco haa tWa {n 

1 3 Explain why lead k not a tuital^e matenal to uie u an z ray filter 

14 How doca the peoctiadon in copper o£ z rmy» of wave IcBfith 0 15 A-U c«»- 
pwe with thoae of 0J5 A-U f 

*5 What a mea n t by (a) a monochromatic beam of x rayi, (i) diaracterittic i rayi, 
(c) independent or general x rayal 

Itf A ho mogen coca radiattoa It reduced to mtnslty iO per cent by a thidmeai of 
OJ mm. of copper (a) Plot a graph thowiag how the imaalty falli off with in 
creasing thickoewei of copper (Note — Obtam 3 points on yoor graph, using copper 
thlckncsKs of OJ U, 2 0 and 1 0 nun.) (i) What is the namg gtren to th» 

type of graph? Give two examples of emdiadoos whom absorption b governed by a 
graph of tha kind, (c) Find tht /nuar ^utrfttoa roajifj/au for the above radlatiaa. 
{i) tf the density of copper b I 9 grams per cx., find the 9uss ahsorfUo* cpcffiacnt. 
(r) WhboQt carrying out the actual calcoUtiom show how yon would find th^ emergent 
intensity for a layer of copper 2 4 mm. 

S7 A parallel beam of z rap of wave length 0 010 A. enters an ioolzatuo chamber 
and Its Intemry u foemd to be 100 (o) Find the intcniitaca when one tnni. sheets of 

Al, Co, and Pb are in turn Interposed m the beam. The draihies are 2 70 f 93 and 
HJ7 gm./e.e., respectively and the mass absorption coc£ocxits art 0 143 0J63 and 
2 4T respec ti vely Aiu 9^.2 79 1 i 04 (t) Find the thiAotiscs of Al, Cu, tsrd Fh 

which will reduce the Intensity of tht beam of wavt length 0 OtO A. to half<^l» who 
interposed m tarn ^xcltO 2 95 0 247 mm. 

II («) Maks a diagram showing the electHc conaectioss when a standard kmua 
doA eWmhCT qjid a galvanometer art osed to compare ths imensities of x ny btama 
(k) if in a standard chamber loos were tahrs from a rdnise of 10 cc. and a 
current of Iff^ ampere was recorded by a galvanometer what b tha Intnalty of the 
beam m r units per secondl 

19 Why most a email loorzatlan <4Lainher be calibrated by means of a standard du ra * 
bar Lf mramrement In r units b reqoiredf 

90 How does the intensity of a bi»am of x rays at a given place depend on (a) tha 

frocn target (>) the voltage across the tube, (c) the tube correotf 

91 When a small lonizatioQ chamber Ooioed to an electroscope) b placed in a beam 
of z rays at a place 23 an, from the focal the electroscope falb at the rate of 2 1 
divaions per second. What b the rate of fall If the chamber b removed to a distance 
of 60 cm i 

92 A steadily {ncreasuig voltage b sppUed to two plates between which a narrow 
strip of air b kept ionized by a beam of i ravs of oiosunt Intensity Describe, with 
simple graph and ezpUnadoti, how the current b e t w een the plates alters with ths voltsge. 

93 How would yon show czpc mn eotally that water b a good phantom for tissue? 

94 A ionization b osed to measure the intensity of an x ray beam 

a a certain focal target datancr, (i) in air (il) when the chamber rests on a thick 
blot^ of paraffin, (U) when the charnber Is cosnpletely sorroouded by paraffin. Intensi- 
ties of 21 43 and 35 noils re obtained. Discins and explain these results. 

insulated electrode of an ioolsatiini chamber b Joined to an electroscope, 
ths capacity of the system being 10 e.gx units. When an x ray beam of ^ certain 

tensity the air In ths chamber ih* leaf of ths electroscope falb at the rate of 
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two product*. Bx wntnJg down tl>e trwufornuuoQ eqradoo ilww wh*t the other 
product mojt be. (4) Why U’tlie term m^phoiphona laed? 

135 uP** ind proton* *re obtimed when a certain cleuent u bombarded with 
DetrtroQ*. Find the »rf>«nL* u eight and th atomic number of tbr* clement. 

136 (a) Dacw ** folly a* you can the pamp of Dcntrwu through matter docrib- 

mp the ■ariou* interaction* of the neutron and atom* which may occur Where poa- 
tibie rrr.V.- rcftrcoce to tnoe (*) Wnte the reaction equatioo for one method 

that l'** l'<^rD uaed to obtain neutron* In abondano. {r) What p rote coon would you 
UK agauut a powerful aouice of neutrom? 

137 (a) lUdJopbtwphonii liP** h produced in the following way*, m .each of which 
lb* bombarding particle 1* abwirbed (I) mlphuf (atomic number 16, ma** number 
32) a bombarded with oentron*, (u) chlormo (atomic number 17 ma** number 35) 
a bombarded with anuroo*, (ui) phoepbona (atomic number 15 ma** Du mb er 3l) 
u bombarded with detrteroni, ( v) *11100*1 (aiQ*Dic nnmbcr 1+ ma*i number 29) ij 
bembarded with alpha particle*. Write the cqoatioo* f r the*e reacriofii. (A) Wbat 
radiation u emitted by uP® and what ia n half-period? 

12t («) ErpUm fully how tvxwKawtmy alpha particle* were uaed in the experiment 
which led to th« dacorery of neutron*, (i) Neoaxua are wmctimei produced by the 
bombardcoent of the lithium aotope of ma*» number 7 by high fpeed deuCeron*. Wrrte 
down the probable truiformatian eqoadoa. (c) Explain oo$ method of munific 
ttzrag ladioacdv'* *> 11001 , 

129 A charged coodesfer u diacfaarged through a iparh gap. (i) What a the natnre 
of the ditcharge current? (u) On what ^k>e$ tb* tntnatj of docharge cturcAt 
depend? 

130 When a coodetner dlKharge* throogfa a low rcristancs and oarillabofui result. 
In what way doe* the frequency of the wilUimn* depend on the capacity of the con 
den»er? 

151 I>eacribe a tunple arrangement f r obtaining damped high frequency cumnta. 
Explain how (i) the freqoei>cy (H) the intcnaity u sllered. 

132 H gfa frequency oscQlatiaof are tet up m a cirroit of negligihla nxutzace «c- 
tamlng a condenfer of capacity 0 001 microfarad and ao haductance of 0 00002 benry 
Calculate th* frequcocy m cyde* per wcood. 


INTERNATIONAL RECOMMENDATIONS FOR X RAY 
AND RADIUM PROTECTION* 

Renicd by the International X Ray and Radiam Protectioo CtmmiMioo at the Ffth 
Internatioual CoagrcM of Radiology Chicago, September 1937 
Inteniational Recommendmdons 

1 The danger* of overeipoKue to a ray* and radmm on be avoided by th* pro- 
tUjoo f aiiequaie protectloo and niltabl working conAtiooi. It i* the duty of the** 
m charge of i ray and radium departroent* to in*or« tuch condition, for their perKme] 
Th* known effect* to be guarded agaimt are 
( ) Injune* t the lup er fi oal titnie*| 

■>'“»! “‘I 'lOT«eoiioitt cl uttmJ orjuB. Ja 

Reprinted by permiwioo from Radiology AprD 1931 
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ton for treatment 41 houn later? (ji) After wliat timo will iti rtrength be SO mOII 
ciinei? (ill) After what approximatn tunc will a 10 mlllItTain tube of radmm uU 
fall to half Taloe? 

1 1 1 The same type of curve k obtamed whtcn the decreaee m the activity of radon 

li plotted afainat time aa when the decresae in the intensity of a homofcneoui br^m of 
z ray* u plotted against the thickneaa of an ahsoibing^ layer of matter Trvlii-atB the 
general nature of thk curve, explaining the law which it 

112 On a certain day a radiom emanation tobe anses the leaf of an electroacc^ to 
fall at the rate of 60 divlsioas per mmotc. How hut wdl the qmf tube (at the nmg 
place) came the leaf to fall (i) after 24 hours, (u) after 41 hours? 

113 If all the radon u collected every ucomi day from 1 gram of radium, find the 
Orength in mfllfcones of the amoont collected, on the day coUectiem u 

1 14 An 0 1 gram of radium cmanatioa k left standing in solution for at least a 
month. The accnmulated radiom emanation It then drawn o^ each day for three sue 
cesaivB days, and each day mled in a single tnbe. Fmd the strength of the three tnba 
on the third day 

1 13 Explain what u meant by the half period of a radloactiTe substance, and describe 
all the steps you woald take to measott this constant for thorium emanation. 

115 If a gram of ndJain was the total amoont in an emanation plant, what k thi 
iruTrmnrp nmnUf of 20 mUUcoHe tuhes which CDoId be obtained from thk plant at 
ooe time? (u) About how long would it be oecsaary to wait before collectzng the 
emanatioa to obtam thk maxemom nember? (ib) What would be tbe strength of one of 
the 20 me. tubes 24 hours after it was remored from the plant? 

117 A radium emanadon plant, with I gram of radiiim in solutioo, has all the 
active gas rmoved on a certain day Work oat how many mtUicsnes could be taken 
from tlM plant on the next removal which talrf* place after an interval of three days. 

118 Radium H has an ■trvnv Qomher of 12 and an atomic weight of 210 On 
iM i i l ti l ny beta and gamma layi it changes into radium £, which in its turn also emits 
beta and gamma rays, changing Into polonium. Finally polonium emits alpha rays, 
changing intn lead. Show lead and radium D are kotopes and find from the 
above data, the atomic weight of lead. 

119 The atomic weight of radium k 225, and its atonuc number k St If the 
final stable product after tho aocceaaivc tianafonnatkau of railium k lead, of atomic 
weight 206 and atomic number 82 find the total oomher of ( ) alpha partlcks emitted, 
(0) beta particlea, by the time a single radram atom has turned into an atom of l e ad. 

120 EmumurtU («h/Aoii/ tUsatfihM) three ways of obtaining voltagca of the order 
of 50 000 and ooe way of obtaining I 000 000 rolta. 

121 With reference to the eqoatKin 

uNa® + iD» = iiNa“ + iH* 

explain (i) what experimental fact thk tella you| (U) the meaning of the sobKiipt and 
gnperaciipt numbern (ill) why uNa** k eall^ ntdiosodium. 

122. What k the difference be t wee u atahle and ntmablfl kotopea? Give one example 
of each clasa. 

123 Writs down the transformatloa eijoadon when radlosodlam k formed by the 

of msgnesiam ( toouc weight = 24j atomic number = 12) by neutrons. 

124 When snlphur (atomk weight 32 atomic number 15) k bombarded with nacW 
of heavy hydrogen, ridiophosphorus (atomic we ght 30 atomic number 15) k ooe of 
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two produai. Bj wiulng down the trmifbnnation eqoitlcn, ihow^wtit the other 
product lODft be. (A) Whjr the term ra^tophoipborTa tucd? 

125 nP® end pxotoni ue obtained when a certain elnucnt li bo«nbarded with 
netjtrooi. Find the atcunlc weight and the atomic namber of thh clcmenL 

125 (a) DactM a» fnlly u )x«i can the paeage of ncotrocu through m a tter deacrib- 
Hig vanooa Interactioiii of oeotroos and atoma which maj occur Where pW" 
tr piVf rtf rcnco to tmue, (A) Write the reaction equation for one method 

that ha# been wed to obtain oeotrona m ahnndanef* (0 What protection would yon 
OK agaliut a powerful aourte of ocotroosl 

127 (a) Radiophocphomi iiP® h produced In the^oUowing way*i injtach of which 
the bombarding partide li abaorbed ( ) nilphur (atomic oomba Ifi, ma* n umber 
32) h bombarded with neutron#, (U) chlorine (atomic namber 17 ma* nomber 35) 
u bombarded with neutrona, (lu) pboaph roa (atomic nmuber 15 miaa nomher 31) 
a bomtirded with drateront, (tv) (atomic nomber 3+i m a w mnnber 39) ii 

bombarded with alpha partjclea. Write the cqudoQ* for thoc rtactiona. (A) What 
ii d a ti o B h eipirted by uP** and what ta ta half period f 

12t (a) Explain folly bow bombarding alpha parddea were nted In the expe n merit 
which led to the diacovery of ncotrona. (A) Neutron# are aometimef prodoced by the 
bombardment of th lithiom uotope of oiimber 7 by high ipeed demeroni. Wnte 
down the probabie tmuSonottiaa eqoatioo. (c) Explain one method of mjujnfac 
oamf radtoaflave todiant. 

129 A charged condenter i# duchorged through a fpark gap (1) What b the oatore 
of the djKharge cur rentj (u) On what doca the twtsntitj of the dacharge cumst 
depoidi 

130 When a coodeaer dbeharge# throogh a low rexbtance and ownUitign# remit, 
IS what way doet the freqnency of the oadlladon# depend oo the capamty of the ct« 
deaatri 

131 Deacrdie a ccmple arrangement for obtaining damped high freqoeocy rnn-pni#- 
Bxplatn bow (i) the frequency (il) the inteauty i# altered. 

132 High frequency oedllati i are let op in a dremt of negiigihie rcabtanca coo 
tainmg a coodenier of capacity 0 001 mkrofand and as iodoctaace of 0 00002 henry 
Caleslate the frequency m cycle# per teccod. 


INTERNATIONAL RECOMMENDATIONS FOR X RAY 
AND RADIUM PROTECTION* 

^hed by the Intemitional X Ray and Radium Pr ote c t ion Ojmmbiion at the Fifth 
Intcmatkmil Coogr^ of Radiology Chicago, September 1937 

International Recommendations 

1 The danger# f vmxpotnre to x ray# and rmdl m can be avoided by the pro- 
xiiion of dcqaali protection and ndtahl worUng cood lloo*. It b the duty of thoae 
la charge of i ray and radium depaitmeota to mum rech condltioo# fo thnr perwameL 
The known effect# to be guarded againit are 
( ) lojonet to the fuperffmal dtnegf 

(A) Change# m the blood and derangemenU of Internal organ#, particularly the 
generative organ#. 

* Reprinted by pennj«don from Radiology April 1931 
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Th« erldence at preaeat aviiUhle ippeaa to mggett tliat uader ntkfactory wort 
ing CQoditioot, a penoa m normal health can tolerate mcpoaore to x ray* or rmdjura gamma 
ray* to an extent of about 0^ international r o en tgen (r) per day or Ir per week. On th« 
bail* of condnootu irradiauon during a working day of aeven boun, tbu flgnio corre 
•poodi to a tolcrancB doaage rata of 10“*/* per *econi The protective \aIoci given m 
tbeae rec oi nmi m daboo* are geoerally in baxmony with tbi* fignre tmder avamge omdb 
dona. 

L WoxxiKo Houm, etc. 

2 Tbe following working' hoorii etc., aro recommended for whole-dme x*cay 
and radium worker* 

(a) Not more than *eveo working boor* a day In temperate or cold For 

worker* m tropical climate*, tborter boor* may be desirable. 

(i) Not more than five working day* a week) tbe off-dap to be spent a* moch 
a* poKible out of door*. 

(c) Not less than foor weeks* boUday a year preferably consecodvely 

(d) Whole-time workers in ho^Hal x ray and ladiain department* iboold not be 
called irpoa for other hospital service; 

(a) X ray and partieolarly radiom workers, shoold be syitemarically submitted, 
both OQ entry and nbee^uemly at least twice a year to expert rnrHifit, geoeni, 
and blood immiaidwu, special atten&oo being paid to tbe haods. These 
enminadon* wHI decennlM tbe acceptance, refosal, Imiitidoo, or termina 
doa of sacb occopadon. 

(/) Tbe amoont of radkdoa r e ori v ed by operator* ibonld be sy^tmatifally checked 
to insore that tbe tolerance dose it not exceeded. For this porpoee, pboto- 
gnphlc fil™ or small-capacity coodenaer* may be canied on tbe person. 

n. Gekzeal X KAT AND RAonnt Recoiuiendatiowi 

3 X ray departmeots should not be sitnated below ground-floor ItveL 

4 All rooms, tnMnflkig dark rooms, shoold be provided with ivisdows affording 
good natoral ligbdng and ready facilities for admmmg rmuhine and fresh air wbov 
erer possible. 

5 All rooms dumld be provided with adequate exbanst veaHladoa. In certain dt 

It may be neccstuy to bave recourse to air cooditiooing For rooms of no rm al 
Hinwmifm, ny 3 000 coHc feet (90 c. meters} In which corona free apparatos it in- 
stalled, tbe ventilating system should bo capable of renewing tbe air of tbs room not 
less six tifiw per hour while up to ten time* may be required when tbs apparatus 
is rut corona free. Largs room* teqolrs propoitiosately fewer changes of air per 
boor **'•" ooca Air inlets and outl^ diould be arranged to afford crosa-wlie 

Tcntllatloa of the room. 

g, ATI roonw should preferably be decorsted is light colors. 

7 A working temperature of about II -22 C. (63 -72 F ) Is d rsin i bl e In x ray 

I P 2 J’ roocw should be large eooogb to permit a coavenlsnt layout of the eqolp- 
todjt. A r'hiTrr.n rn floor area of 230 ft. (23 sq. meters) u recommended for x ray 
rood*, and 100 sq. ft (10 sq. meters) for dark rooma CelUog* should be not !*• 
riiui 11 ft. ( J J matn) tlfh. 
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? ffifi grmmtnn ODplajing mcclunk*! rwTifimjoP jhoold pjtftraUy be 

placed m & lepvalB room from the x^f tobe. 

ItL X jur PzoTzcrm Rico>oiwdatio>»» 

10 Aa x-nj crpentor thould on no accormt ezpoas hlmafJf to t direct bcuo of x-raya. 

1 1 Aa optiwz iboDld place Unweif aa tcmote m practkable from tha x raj tobe. 
k itoald be borne la ouDd that valve tobca are capabk of prodocm^ x raja. 

12 Tbe x>nj tube dioold be aelf-protected, or otbexwiae ituTooiided u completelj 
a» pcalble, vitb protective materki of adequate Iced equrvaleoL* 

1] Tbe foUowliic lead eqalraleota are tccommaidcd nsdcr average coodltlottit 


X-raja GenerKxd bj 
iVaJr VcJtagea 

Minimum Eqmrakat 
ThKknraa of Lead 

Mot ftcfcdini 7S kv 

1 max 

100 

1 S 

llS 

2 

ISO 

2 5 

175 

3 

200 

4 

250 

6 

300 

9 

350 

11 

SCO 

15 

(600) 

DS) 


(/) X>t*ptomc R'ari.— 14 In tbe caae of diagnoet*: woA wlti other thin ctan- 
plctelj protected t obca, the operator ihoold he afforded TfaHrinJul protetiloa from ctraj 
ra datl oa bj a acreen of a mfnfaium lead cqttJvaJcnt of croc mffliraettT 

is Scraemog cx am l i n dooi dkiuld b« coodocted aa npldlj aa pcwlble whh m.titmp m 
fattoirtlea and apcitnrea, partkaiUrly wben fracture* are reduced oader x-nji. Ptlpl- 
ta tfoc with the hand ahoold be redoixd to the minimum. 


14. Tbe lead gUai of floareacent eaveoa ahonld have th* proteedva value# recccmoaidcd 
k paragraph 13 

17 In tbe caae of icneninf ttanda, ih# fittortactnt Kmo ihocld. If tKcanrj be pro- 
vided wldi a prottctlve “aurronad” ao that adequate pnteoioa agahae direcf radlatjoo 
Ii afforded for all poahfooa of the tcreen and dUphiagtn 

1« Bemniag itudi and couche# ihould provld* adequate arrangemeata for protect 
tag tha operator agalnat Kattercd radotton from the patlait 

19 Protetlw ilovei, which ahonld bo aoitaUj lined with fabric or other material 
Un • pratiKtlr. M ]» duo ooe tlW majincttr lad tiumtioot ExkIi 

lead vain# of ooe half mSUann uuauaam 

jii] — “ Ip ca« of tratoo, tk, b bat 

tic . rpo„ bthtod . wuTSriad tXS. 

^ *1^ -HI Jtptpd m Ih. d™»Mta. In <4, of . .£ 0 , 1 , 
b, Tolup, „p B Jto ir, di. pauaiy, nn dmvld iavt . mnLualL 

lad -iick Ii t,oJl, d^qo, ,0 , „„ iio^ ^ ^ of 
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of two mnifm ctea. Tha figurs ihoold be Infreued In the of hlfi^ eiddag 
voltigei or of heavy tabe cnfrentl or if the protective valoe of the i ray tube ojcloeare 
fallj short of the value given In paragraph iS In event the remaining walls, 
door and celling may oiao be required to pronda supplanentary pro tecti on fijr adjtaart 
occupants to an extent depending on the orenmstances. Full protection should be pr^ 
▼uied m all those directions in which the dtrect <r»n operate. 

Inspection windows in screens and walls should have protective Irad valoes cqoiva 
lent to that of the snrroundmg screen or wall. 

2 1 In those cases In which an x ray tube Is coodnootuly excited and treatment periods 
are regulated by means of a shatter soom form of remote control should bs provided 
for the shotter to Insure that the operator Is not expo s ed to direct radiatioo while nunipD- 
lating ths shatter or filter 

22 F.fftnent safeguards ihoold be adopted to avoid the oinl«ion of a metal filter in 
x ray trea tm ent for example, by an iDtcrtocfcmg device or by contmuously measuring 
the emergent radiation. Prote ct ive scr e eia and applicator! (cones) naed in treatment 
to define the ports of entry of z ray beams iboold be sicSciently thick to ledoce the 
dosage rate outdde tha dlrett field of imdlsdoo to las than lir~* roentgen per second. 

IV ELKnXtCAL PaJtCaOTTOKI CK X lAY Roous 

23 Ths £oor*covering of the z ny rooms aheold be inielatiog matenal inch ai 
wood, robber or 

34 Where permanent overhmd coodudors are employed they should be not lea than 
9 feet (3 nKten) from the fioor Tltey tbosild consist of stoat metal robing or ^ber 
coronalea type of condoctor The aasociated connecting leads thoold be of coronalea 
wire kept taot by stntahle rheophorea. 

2i Wherever passible, earthed guards or earthed sheaths should be provided to shield 
the more adjacent parts of the high tendon system. Unshielded leads to the z ray tube 
dinjiltl be In poddoot as remote as posdhle from the operator and the patimt, Tbs 
oie of •shockproof*’ i ray equipment, in which the high tendon arcuit la completely 
endoaed In earthed condoctars, Is recoounended. In all caars, however in diacrim piste 
handling of z ray tubes dnnng operation abould be forbidden. Unleas there an rea 
tons to the contrary metal parts of the apparatus and room should be eminently authed. 

26 Main and supply switches should be very acceadhle and distinctly Indicated. They 
ihoold not be in the proximity of the high tension system, nor iboold it be possibla for 

to dose accidentally The use of qoick-scting, double-pole drcnlt breakers is 
recommended. Overpowered fuses dioold not be used. If more than ons apporatui a 
operated from a common generator soitable b gfa tension, multiway switches should be 
provided. In the case of soma of the constant potential generators, a residual charge Is 
held by the condcnaftri after shutting down, and a suitable discharging device should, 
tborefere, b« fitted, murninated wannag devices which operat# when the equipment 
u • alive " serve a oseful pnrpoee. Tbe staff should bo trained in the use of fim-aid 
Jnjtrnctlans dealing with electrical shock. If foot switches ore wed they should be 
cocnected In senes with an ordinary switch sod diould be so designed that they cannot 
be locked to keep the circuit “ olive ” and are not capable of bomg closed oeddentafly 

27 Some tnltahle form of kllovoltmeter should be provided to afford a measure of 
the voltage operating the z-ray tube. 

2» Low flashpoint an esthetics should never be naed In coojnnedon with i rays. 
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V Film Stcolice PitCAtmowi 

19 The OM of Doalnflimmtbl# x i»y filmj b •trongly re mn m ended. In the cue 
of mdimmihl n filrm^ nuGublc prccxcEtioiU ihoold bc tikcn u regixdi thdr me end 
itonge. L&rge fboold be kept in itoUted itores, prefenblj In x •epxnte bmld* 

mg or oo the roof 

VL RaDIOM PxOTtCTTTE ReCOMUEKDATIOK* 

(d) EjU4Km Sx/rr — 30 Proteeboo for nudioin worken h required from the effocti 
of 

(e) Beta nip upon the haadi| 

(^) f^rnfna ixp Upon thc mtenia] organt, v'aecnlar end reprodocbve ijiteuis. 

JI In order to protect the hand* from beta rap, reliance ihould be placed, in the 
fiiit place, on The radlam thoold be manipalattd with long handled forcepa, 

Twt -jhoold be earned from place to place m loog-bandled boxea, lined oo ali cdei 
with at L><»t ooe centuneter of All manipolatifnii thoold be earned out as npidlf 

at poMible. 

32. Radxoni, when not in lae, thoold be stored in a taft at dntant at posible front 
the penocneL It a recamnxnded that the tabs thoold be provided whh a number of 
aeparale dnwen individoaUj protected. The amorat of prott cb oa thoold correspond 
to the valoea frveo In the following table. Tbeae valnea, which are bated oo woiilag 
coodibont where there it proxiinitjr tn radim maf be redoced for larger working do- 
taacia. 


Maximam (>^ac 7 
of Badiim Eknicac 

Thickneae of 

Lead 

0 05 gm. 

5 on. 

0 a 

e 5 

0 5 

10 

1 0 

11 5 

3 0 

13 

5 0 

15 

10 0 

17 


33 A separate room thoold be provided for the '‘make-tip** of screened tohea and 
pplkaton, and tha room thoold be occopied on]^ during work. 

3+ In order to protect th body from the penetrating gamma rap during the han- 
dling of radinm, a lovcn of not lot than U centimetm of lead thoold be T>«-d. and 
proximity to the radium thoold occur only dadng actual work, and for at ihart a time 
u pottible. 

35 The meaeortmeot room thoold be a tepaiatt room, and It thoold prefeiahly con- 
tain the rad am only daring its aaoal meatarement. ^ 

3«, Nuraet and attendanti thoold not remain in the tame room at patientt onder 
gouig radium treatmeni with quandues exceedmg ooe-half gram. 

37 All aatk iTl ed work, or work which can be learned in a short neriad of ttr,- 
Jujdd pt.^Ur t. arid out by tanpoar, worlai, wbo itodd bc copjed ootS 
wak fa «< caacdlct moml.. Tli .ppUa epeeW], to oa^TLd 

cnpc*^ la “making up" pplkaton. « uwee 
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31 Rjuifom contiJnen ihoold be tested peHodiciHy for leakt^ of rtdoo, PreJixU« 
dll qoutitiej of rodoa majr otbendae Accttmolate in ndiom eti*., rrmfinfnj 4 
nmnber of InJcy cootuaen. 

39 Dlacrctioii iboald be exerdted io truumlttijig ndinm olti bf poet. In the am 
of PTiaU gnubtiee (lew than 10 mg* of ratUom elemest) it k recommeaded the 
rontitner choold be Uoed tliroo^hout with lead cot lea tbu three mnUmettn ♦hlft , 
while for goanfltfei between 10 and 30 mg of ndiom elenuot, the lead thoold 

be capported 10 the center of a box with a mloimitm dim^tlnn of 30 em. Padaga 
containing more than 30 mg of radlom el<TT>rnt are preferahly^ aent by rmH or hand 
onder aultable csodlOona of prot e c ti on. 

(J) RMdc*, — 40 In the manipulatloo of imdoo, piotec tl oo againtt beta and gamma 
a reqnked and automatic or remote control* are 

41 The handling of radon thoold be nmed oot, a* far aj poaible, durin g its rela- 
tively Inactive ttate. 

42 Precantioru ihonld be taken agamet riuaalv e gai prtanrea In radon plants. Tbr 
escape of radon shoold be very carefoUy guarded against, and the room m which It 
ia prepared dionld be provided with an oxhaost fan controlled from ootmde the room. 

43 Where radon u Likely to come u direct contact with the fingers, thm rubber 
^oves ihoold be worn to avoid cootamlaadoo of the hands with active depoait Other 
wke, the protective meastuea frromtoended for ndiam salts dionld be carried out. 

44 The pttmplog room should preferably be oxitaiaed m a separate baUdlDg Tha 
room abould be prortded with a ooonecbog tube from the spedal room in which the 
radjean U stored In solarioti. The radlom 10 tolodon ihoold be heavily igeaaed to 
protect peopit wodcing m adjacent rooma. This is pjeiarahly done \rj pladni the radiem 
aoladoQ In a Icad-Uoed box, the thtckm^ of le^ ircnm mended bang accordmf to 
the table in paragraph 31. 

(C) Rsdlmm htmm TJur^fy —'43 The nsks to the operator attendant oo the nsa 
of large qnantftiei of radlom m radiom-beam therapy may be largely obrlaied if smiw 
sjstem of remote coatrol is adopted by which the radlom Is only introduced into the 
** bomb " after the latter has been adjusted in poehion on the patient, if och arrange 
mgTtts are not avaUable, the Importance of expcdidoos handlmg la stief.id. 

4d Rooms used for tadiom-beam therapy ihoold provhle adeqoata protecdoo for 
adjacent wards and rooms in permanent occepadocL 

The following min unum lead thlckrtcaes are regoired to secure a tolerance doaige 
rate of 1 0~* roentgen per aecood at variota dbtaneq from dificrent qoantides of radhnn. 

Tlw correspoadlng to the toleiance dosage rate in the ahsencs of lead art 

also given. 


Qoantity 
of Ra£am 
Element 
mm. Pt 
soeen) 


H 



2 

meters 



cm. 


cm. 

on. 

1 meters 


9 0 1 


3 0 


1 4 5 


10 S 1 


4 3 

1 0 

< 6 3 


12 3 


6 3 

2 5 

10 3 

A 

04 0 

1 “0 1 

1 8 0 

4 0 

14 3 
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Absorpdoa 

uid atruTiK number H7 
ipparent, 138 

coeffiaentr, 133 142, 144, 147 
CTiUctl w&vt lengths, 136 
nstore of 138 
of alpha rajs, 178 
of rays, 179 
of gamma rays, 1 80 

ofx^ys, 100, 133 138 155 

true, 

A,C3 233 
Acotc depoait, 189 191 
Air dose, 168 
Air wall chjfnhfT 166 
AUboo 145 147 
Alpha rays, 176, 139 
artifioal 217 

bocobardineac W 215 217 
•cartmng of 177 193 
Alteroating correnti, 1 3 
frequency of 4 
strmgth of 5 
Amplificaooo factor 241 
Aodersoo, 223 
Aagstrom 110 
An^e 
maauTc, 78 
of x-ray tube, 59 68 
rotating, 76 
Aston, 52, 54 
Atlcc, 66 
Atomi 

pad eta of 46 
stroctureof 45 57 232 
Atomic number 46, 192 
and absorption 147 
and waTc length, 125 
table of 246 

Atomic woght, 46, S3, 55 192 
table of 246 
Auto-transformer 33 65 

Back scatter 168 
Bainbndge, 53 


Baldwin, 73 
Becker 218 
Becquerd, 175 
Bern rays, 176 179 
primary 181 
sccofxl^ 181 

Bias, ^nd, 241 
Btol^cal efreett 
of x-rays, 96 
Bilge, 55 
Blacken ingi 
of X ray tubes, 60 
Blackett 223 
Bohr 117 
Bombardment 
by aJ^ 215 217 
cauicdft rays, 47 
deaterona, 216 
gamma, 227 
neutrooa, 221 
prouma, 216 
Boche,218 
Boowcri, 101 
Bragg, 119 
Bndnsxdde, 55 
Bnah dachiuge, 29 
Bucky 150 

Bocky diaphragm, ISO, 152 


Cana] rays, 50 
Capaotath^ reactance, 10 
Cascade generator 197 
Cathode rayi, 36, 39 42, 48, 60 
Chadwick, 218 228 
Chambcrti 


air wall 166 
free air 166 
•oommon, 159 
standard 159 162 
thimUe, 159 166 
OiaractenitK x-raya, 
Chaool 80 


123, 133, 135 


Ouamcal effixt of x-rayi, 96 
Choke coo, 10 15 
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38 Rjuliam cont a loen thotild be terted peHodioIlj for of ndoo. Prejodl- 

dal qouidties of radon mxj otherwas AOcomolAtfi in radiam afc$) «>•-, cmtunlag a 
nomber of leaJcj contunen. 

39 I>iacretjoa iboold be ezErcoed u) tramnUttup nditun ralts bf poet. In tbe cue 

of Trail grracritiei (lea tban 10 of ndlnzn elaoent) It a thit tLe 

rontalner ibonld be lined tbrooghont iritb lead not 1*^ tKan three mlllliDeteii thxk, 
while for quantities between lO and 50 of radiom clement, tbe l«»d fnnt«fn^ dioold 
be npported m the center of a box with a minimum dimcnsms of 30 rm , Packacts 
cocr raining more than 50 mg of radium clement are preferably sent by rail or band 
under snltahle conditions of protccdotu 

(£) Aa^o*. — 40 In tbe toampalatioo of radon, protecnem agaloit beta and gamma 
rap is required, and automatic or remote cootroli are desirable. 

41 The handllag of radon should be amed out, as far as durin g hs rela* 

tirely inactfre state. 

42. Precautions should be tskm against c ace s ti ve gas prtaura in radon plants. Tbr 
escape of radon should be very carefully guarded agamst, and the room in which it 
is prepared should be provided with an fan controlled from outaide tbe room. 

43 Where radon is likely to come in direct contact with the fingers, thin rubber 
gloves should be worn to avdd contamioadan of the hands with aedve depoct Other 
wise, the pr oteUlv e measorea rrenm mended fiir radium salts should be carried out. 

44 TIm pomping room should preferably be oaotaioed in a sepants boHding The 
room should be provided with a coaneedag cube from the special room la which the 
ndlntn Is stored in toludon. The ndlmn In aoluctfa should be heavily screened ts 
protect people working n adjacent rooms. This is preferably done by plsdng ths radium 
■plnrifin m a lead-lmed box, the tiddatcas of lead recommended bring according to 
the tabls m paragraph 32. 

(C) fitiimm h»im TJUrmfy —45 Tha risks to the operator attendant oo ths uss 
of large quandtses of radium in radlum>beani therapy may ha largely obviated if some 
sjstmj of remote coctrol is adopted by which the mUum is only introduced mto tbe 
“ bomb after tbe latter has been adjusted in posldco on tbe padeaf. If such arrange 
mgnt« are not available, tbe Importance of axpeditiDuf handling is streited . 

45 Rooms used for radium-beam therapy diould provide adequate protecdon for 
adjacent wards and rooms in perrasoeot ou;upsdon. 

Tbe following mmunum loul thicknes s e s are required to secure a tolerance dooge 
rate of i0~* roentgen per accocid at vanoui diitanm from dlfitxent quantities of ra dfam . 

The corrcspoadlag to ths taleraace dosage rata in the shteno* of lead art 

also given. 


Qusndty 

01 Raifiom 

pipjngBf 

(OJmm-Pt 

scresa) 


Tokraoce 
Distance 
with no 
Lead 

50 

cm. 

1 

meter 

2 

meters 

5 

0KCsra 

' 

on. 

aa, 1 

cm. 

cm. 

[ raeten 


9 0 

6 0 

3 0 


* 5 


10 5 

7 5 

4 5 

1 0 

£ 5 


12 i 

9 5 

£ 5 

2 5 

10 S 

10 

04 0 

11 0 

% 0 

4 0 

14 S 
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AbcorpooDi 

loj ktcxmc number 147 
apparent, 138 

cocffiatnta, 138 142, 144, 147 
cnnad vcre kngtfaa, 133 
nature of 133 
of alpha raya, 178 
of beta rayi, 179 
of gamma rayi, 180 
ofx-rayi,100 133 138 155 
true, 138 
A.C3,233 

Active dcpoait, 189 191 
Atrdoae, 168 
Air vail f4nmh« - 166 
AEaon, 145 147 
Alpha rayt, 176,189 
artiiwal, 217 

bccDbardcaenC ^ 215 217 
KxctEraig of 177 193 
Akemaong corrcQta, 1 3 
frequency of 4 
urengtho^S 
AmuHBcadoa factor 241 
Aoderaoo, 223 
A ng atrom, 110 
Anode: 
manlre, 78 
of x^ay tube, 59 68 
rotating, 76 
Aatoo, 52, 54 
Atlee, 66 
Atoot 

oudeuiof 46 
Mrnctnrco/ 45 57 232 
Atrnuc nrnnber 46,192 
and abaoeptwo, 147 
■nd vavelajgth, 125 
table of 246 

Atonic weight, 46 53,55 192 
table of 246 

Anto-tranafonner 33,65 

BKkacattcr 168 
Bambndge, 53 


Baidwm 73 
Becker 218 
Bccquerel, 175 
Beta raya, 176 179 
pnmary 181 
secondary 181 
Biaa, gnd, 241 
BiokgKal cfrcct 
of x-raya, 96 
Birge, 55 
Blackening 
of x-ray tnbea, 60 
Blackett, 223 
Bohr 127 
Bombardment 

byaj^215 217 
cadiodc raya, 47 
dcuteron*, 216 
gamma, 227 
oeutrooi, 221 
pretena, 216 
Boche, 218 
Botrvera, 101 
Bragg, 119 
Bnovedde, 55 
Bnuh diachaigt, 29 
Bucky 150 

Bucky diaphragm, 150, 152 

Canal raya, 50 
Capantattve reactance, 10 
Cascade generator 197 
Cathode rays, 36, 39 42, 48 60 
aiadwTck,218 228 
Cham bent 
an* vail, 166 
free an* 166 
wocatnn, 159 
atasdard, 159 162 
thunblc, 159 166 

Charac t emoc x-raya, 123, 133, 135 
Chaoul, 80 
Qirmiral analyxu, 51 
Chemjcal effect of x-rayi, 96 
Choke coil, 10 15 
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QironotDcter Webster drop, 236 
Circuit: 

Gnietz, 87 
Greinacher 91 
high frequcDcy, 10 
mductive, 6 
primary, 2, 16 
pnmary Tesla, 237 
Doninductive, 6 
aecoDdary 2, 16 
•ccondary Tesla, 239 
Villard,93 
Cockcroft, 215 
Coeffiaent 

ahaorptMti, 138, 142, 180 
decay 187 

linear absorpoon, 143 
mass abaorptKXi, 144 
CoOlSlOQ 

cUsmte^txu 19i 
longttoon by 47 
acattsnng, 1^ 

Comotoo, 134, 137 145 147 
Cnndmacr 
diadiarge of 234 
meter and dotage, 167 
with dcctramcter 163 
with recti fyw values, 90 
CoodocOTity of air 31 32, 49 
Constant potential, 90 
Cootmooosi 
spectrum 107 
x-rays, 124 
CoQCdgc,4S 63 
Cooling target, 61 
Corona, 29 

Corpuscular cmmion, 165 166 

Cosmic rays, 222 

Coulomb, 43 

Cross-fire treatment, 171 

Cune, 175 182,218 

Cune, mearung of 189 

Currents: 

aJtcmatu^ 1 3 
classification of 233 
control of in tubes, 59 68 
displacement, 244 
fartulic, 18 2^ 


^varuc, 233 
hi^ frequency 10, 233 
induced, 2 
mtermitteit, 24 233 
ionization 163 
primary induction oal, 17 
pulMting, 233 
saturatioa mnaatioy, 157 
•atnratioa tube, 69 
smusoidal 4 234 
Cycle, meaning of 4 
Cyclotron, 207 

Dark space, 39 
D C, 5 233 
Decay 

coe^aent, 187 
of radon, 185 
Deea, of ejndotron, 212 
Dehydrating effect of x-rtya, 96 
Dempster, 53 
DepoBt, active, 189 191 
Depth dosage, 170 
Deutmum, 55 
Deuteron bombardment, 215 
Diaphragm 

a^ scattered rays, 149 
Potter Ducky 149 152 
Diathermy 23^ 243 
Pif&actioa grating, 108 
Diode tube, 63 
Disc, rectr^ing, 22, 25 
Diimtegratioo, 189 
Displa«ment c urr e u ta, 244 
Doetgst 

by condenser-meter 167 
by ion nation, 157 
depth, 170 

gamma rays, 183, 184 
of x-nys, 155 
pattillea, 155 
roentgen uni^ 159 165 
Dose: 
air 168 

bock scatter 168 
tissue, 168 
threshold, 172 
Duane, 122, 131 132 
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Dujhmin 84 

Effective wmvc length, 130 
Euutem 229 
Fjntfgn s Uw 229 230 
Electnc wave* 
see electromagnetic 
Electrocnignetic 
indnctioa 2 
waves, 111 244 
Electrocoagnetam, 1 
Electrometer 163 167 
Electron bombardment, 47 
Electrons, 45 
corpuscular 165 166 
photo, 136 161 
recoil 137 161 
thennxxuc cmmicio 45 62 
Electroo-volt, 44 

Electroscope, 97 115 157 159 179 183 
Electrostatic 
generator 199 
voloneter 31 

Emanation, radimn 182, 184 
Enogyt 

and destrtictioa of mttto' 230 

atvj masi, 2?S 
Erfthema 

nuniraum per ce ptible, 115 
threshold dose, 172 
E-viton, 117 
Expcnential Uw 102 

Ftilla, 169 185 
Farad, 11 
Faraday 2 

Faradic current, 18. 233 
pntnary 233 
secondary 233 
Fenni,222 
Fdammt circuit, 63 
Filters, 99 
FHtrationi 

and wave length, 125 138 141 
Ftasion of nucta, 222, 230 
FhjQfescencc 
and cathode rays, 40 
and radirnn 175 


and x-rayi, 95 
Fhioeesccnti 
s cr e en 96 
K-rays, 133 135 
Fhix, magnetic, 7 
Focal spot, 66 75 
and wave length, 132 
Focusing 
x-ray tube, 66 
Focus, line, 75 
Free air chamber 166 
Frttjncncy 

high cuii aita, 10, 233 242 
of A. 0,4 
Fulguranon 240 
Futwave rtctiBcaboo 84 87 
FUfstenau Intcnsuncter 156 

Oalvaruc, 233 
GaJvarusm 233 
Gamma radiatxn, 165 
Gamma rays, 165 176 180 
dosage, 183 184 
m nuclear reaeocm, 231 
Goerating vedtroeter 203 
Generator 
cascade, 197 
electros tape, 199 
Van de Griaff 199 
Goldhaber 228 
Goldstein 51 
Goltie, 75 
Graetz circujt, 87 
Grating diffraction, 108 
Gray ^ 

Gray J A. 134 
GrcinacheT aroiit, 91 
Grenz rays, 82 
Gndi 
bias, 241 
Lrsholm, 152 
of valve, 240 
Grosa, 66 

Half-pcncd of radon, 187 
I Ha]fvahie4aycr 99 126 130 
! Half wave rectifieatxin 84 87 
I Hard tube, 59 
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HknJ 3t-rtyi, 98 
Hirkmj, 218 
Hanjuen, 52 ' 

Hartley arcmt, 243 
Henderson 212 
Henry 2 

Henry mcaamg of 8 
Hero, 112,244 
Heresy 226 

Hi^ firqucrtCT cnrrenta, 10 233 
Himped, 234 
dJathenny with, 238 243 
fmmary Tesla, 237 
12a 

midampcd, 242 
Homogen com x-rayt, 102 
Hflmgschmidt, 192 
Hnd80ti,172, 173 
H. V L. 99 126, 130 

Impedance, 8 

Inmcatoa, ndioaccre, 226 
Indoctukce, 6, 7 17 19 235 
Induction cofl, 16 197 
Tndoction, de c tf magneti c, 2 
lodoctxTei 
aront^ 6 
reactance, 8 
Infrared, 111 
TnffTlition, 20 

Intenauneter FtUatenao, 156 
Intensity 
abaohifr, 154 
and vdtage, 125 
t nv era e square law 154 
of magnetic field, 1 
of x>nys, 153, 154 
Intenmttent carrent, 24 233 
In Laiupter 16 
lomzatxs, 36, 46 
and dosage, 157 
by ooilistoo 47 

chamber 158, 159 162, 166, 167 
current, 163 
effect of x-mys, 96, 136 
latnraooa current, 157 
loomng agent, 36 
IoojT^ -*7 50, 117 


^IJJDEX 


242 


remmbmaooo of, 158 
Isotopes, 54 57 
table of 246 

Joliot, 218 223 224 
Jordan, 161 

K wave lengths, 127, 135 
anneal aSsoepbon, 141 
Kcariley 72 
Kenotroo, 84 

L wave lengths, 127 
Lauft.'ijTOi), vA 

Laurtnee, G C, 180 
Lanntsen, 161 
Lawrence, E. 0^ 210 213 
Lawrence, J R, 220, 225 
Lenard, 48 
Lena I Law 6 

Linear ahsorpooo co effkw n^ 143 
Lnctacsb 117 
Lysholm, 152 
gnd,151 

M ware lengths, 127 
MsgnetJCi 
field, 1 
fiux, 1 

Massi 

aheerpooo coeffiaent, 144 
sod energy 228 
conserratxai of 215 228,229 
number 56 
sp e ebogta ph, 53 
sp e ctnmj 53 
Maxwell 112,244 
Metfitun x-nyi, 98 
Menrel, 55 
Mi:soa,221 
Mesothonum 195 
Mesotroo, 222 
MefaTnc x-ray cub^ 74 
Microfarad, 11 
MUficune, 189 
MUlIkaii 42 
od drop erperimeot, 42 
MUHmlcran, IlO 
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Motnn 
pnoaple, 209 
syDchjoooui, 23 
Mottram, 220 
^LP E 115 117 
Murphy 55 

ITcotroQt 

bombardiBcnt, 221 
dbcoTcry ol 217 
importance of 220 232 
pr^ocdon of 219 

protection against 221 
Noomductjve aront 6 
Nudou of atom, 46, 193 
fi«ion of 222, 230 
structure of 232 

Nodcar bombardment, 215 216 217 
221 227 


Oersted, 1 

OiUmmcnaoa tabes, 80 

Ptnetfa,221 226 
Putille, 155 
Peak vdtage, 21 
PcnetratiQg rfect of a-raya, 97 
Fmetratioe and wave leng^ 115 
Phantom, 168 170 
Phase, meaning of 12 
Pbotoelectnct 
cell, 116 
effixt, 115 

Photodectroca, 136, 138 161 166 
Photographic effect of x-raya, 95 
Planck, 128 

Planck I constant, 128 137 142,227 

Polanty mdkator 15 

Polooiam, 175 191 

Ports of entry 171 

Po«ave rays, 50 

I^tron, 222 

Potter 150 

Potto" Bocky diafrfirigm, 150 
grid thadema, 150 
Po*er A. C, 12 
Power factor 14 


Power rating, 21 
Pninarjr 
circuit, 2, 16 
Tesla oremt, 237 
x-raya, 133 134 136 
Protectioa 
neutron 221 
radium 195 
x-ray 74 104 

Proton, 56 194 216, 224, 232 
bombardment 216 

Quality: 
andk. V L,99 
and voltage, 98 
of z-raya, 98, 153 
Quantum, 128 

Quunby 131 165 169 170 171 172, 
195 

Rtdiatiooat 
ftem radmm, 176 
Radioactive^ 
famPiea, 191 195 
indicators, 226 
Radioactmtyt 
artificul, 223 
diicovtTy of 175 
mduced 223 
Radiorlrmepta, 225 
radiophovphoroa, 224 
radmaodium, 224 227 
Radiography 

and acattenng, 148 
fiaod spot, 75 132 
Radium, 175 
beam therapy 182 
doMge, 183 
cmanatwn, 182, 184 
family 191 
half-penod, 191 
in treatment 181 
needle, 182 
protection, 195 
radlationa irom 176 
strength of aource, 182 
Radon, 182, 184 
decay of 184 
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RAdooi 

PTTwth of 187 
Jitlf-penod of 187 
Rating 

of tranafonncr 21 
of x-ray tube, 77 88 
Rays 
tdpha, 176 
beta, 176 179 
canal, 50 

cathcde, 36 39 42, 48 60 
cosnuc, 222 

erythema-prodoong, 115 117 
gunzna, 176 
Grentx, 82 
posGve, 50 
Roentgen, 48 
(see under x-rays) 

Reactance] 
indrwtTve, 8 
capantatnre, 10 
Read, 205 220 
Recoil electrona, 137 161 
RecorabtnaOoa of tons, 158 
RectiiVamon, 22 
foil-wave, 87 
half ware, 84 87 
self 83 
RectiEert 

hot filament 63 84 
mechamca] 22, 24 
TalTe,84 

Rectifying disc, 22, 25 
RectilTir^ valre, 22, 84 
Resonance, 239 
R^LS. meaning of 6 
Roentgen, 95 
gunma ray unit, 183 
rays, 48 (see under x-rays) 
x^y uni^ 159 165 
Rose, 185 
Roj'ds, 190 

Rutherfted, 189 190 193,194,218 

Saturation 

nihg currait, 69 
jotuuoan cm rent, 157 
Scattered x-rays, 133, 134 148, 165 


and recoil dectrona, 137 
and radiography 148 
Scattering 

absor^tioo coeffiaent, 147 
and diaphngma, 149 
back, 1^ 

of alpha rays, 177 193 
S cr e en , fto or ca ce nt, 96 
■Secondary 
beta rays, 181 

x-ran, 133 

Secondary oicmt, 2, 16 
Tcala,239 

Sceman spectrograph 33 
Sdenmm cell 156 
Sdf-rectificatioiJ 83 
Shockproof tubes, SO 
Sirmscadal current, 4 
Soddy 54 189 193 
Soft tube, 59 
Space charge, 69 
Spark-gap meter 27 202 
Spark Jeiigth 
and Tolta^ 28 
Spectrograph 
maaa, 53 
pnim 106 
Sceman, ^ 1^ 
x-ray 121 

Spectrometer x-ray 121 
Spectrum 
ccotmuous, 107 
mirtred. 111 
line, 107 
man, 53 
optiad, 106 
ultravidct, 112 
SpinthanjCDpc, 177 

S^ttenng, w 
Stabiliser voltage, 71 73 
Statcoolocnb, 43 
StatToIt, 44 

Step-down tranafonner 19 65 
Step-up tranafbrmer 20 
Supavolcage, 196 
tubca, 196, 2(M 206 
meamreroent of 202 
Synchronoua motor 23 
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Tup* 

cooling of 61 
of i-ny tabc, 59 68 
wuer-cooled, 61 
Tajla- 161 166 
T E. meuung of 172 
Tall, 239 
Tall arcmtt 
pnmiry 237 
tecondiry 239 
Thcnmocuc ernitaop 45 61 
TTumhle; 

innT7ition rhimba 159 166 
Tbanwi,; J 50,51 S3 54 
Throhold cr^cmi dote, 172 
Tiicuedosc, 168 
Tricm, nuiioicturc, 226 
TraittformitiQfii, nuCoictiTe, 190 
Truttformer 18 
eSoaicy of 20 
mtdiooa of 20 
powo- nuiag of 21 
ttsp-down, 19 65 
itep-op) 20 

Tnntmuaoon, 189 193 
Tnatment 
CToo^re, 171 
ndhmi ta 181 
tpcaSciooci, 173 
Tnodc Tilvc, 240 
Trump, 200, 202, 206 
Tube 

hJfkfning of 60 

Chioul 80 
Coobdge, 63 

current, control of 59 68 
bird, 59 

hot filiment) 63, 66 
knr voltigc, 80 
muttve mode, 78 
metillx, 74 
rmJntectJoo type, 205 
od-tmmertion W 
adiittar 78 
nuuigT? 88 
Roentgen 58 


roatin^ anode, 76 
laturtdon c urr ent, 69 
•elf-eccti/ymg 83 
ihockpcoof 80 
•oft, 59 

•upervoltage, 196 204, 206 
witcr-coolcd, 78 

UlcriTiolet, 112, 113 
and vitamin D 118 
in medione, 114 118 
Urannim, 175 
Urey 55 

Valve 

amplificaDoo factor 241 
characterntjc curve* of 241 
diode, 63 240 
recti fig 84 
rectifying 22, 84 
tnodc, 240 
with cortdentert, 90 
Van de Graaff 199 200, 202, 206 
g enaa tof 199 
Van dcr Tuuk, 101 
Victoreen cowleajcr-cneter 167 
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